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thus an additional and tedious step such as hammering, 
' tempering or the like must be employed for removing such, 

1 
PROCESS AND APPARATUS. FOR PRESS-FORMING AND 

QUENCIIING A STEEL STOCK 

This invention relates generally to certain improvements in 
and relating to the press-forming and quenching techniques; It 
relates to more speci?cally to a process for press-forming and 
quenching steel sheet products and an apparatus adapted for 
carrying out said process. 
According to the prior technique, steel sheets intermediate 

or ?nal products, as the case may be, are manufactured in suc 
cessive and separate steps of press~forming and quenching. As 
is commonly known, the quenched products may frequently 
represent considerable distortion from the desired shape and 

press 

distortion developed in the quenching step. Invitation of the 
distortion after quenching will naturally reduce the degree of 
precision in shape and dimension of the products. 

It is therefore the main object of the invention to provide a 
process, ' as well as an apparatus for press-forming and 
quenching steel sheet products, capable of obviating the-con 
ventional, drawback of necessitating the aforementioned kind 
of additional correction service successive to the quench step. 
A further object is to provide a process as well as an ap 

paratus of the above kind, capable of improving the degree of 
precision in shape and dimension of the quenched products in 
spite of the omission of the conventionally adopted correction 
service. . _ ' , 

For attaining the aforementioned several objects, it is now 
proposed to place a steel stock between a pair of cooperating 
dieelements upon heating said stock to its austenitizing tem 
perature and to provide pressure upon said stock and at the 
same time rapidly to conduct heat from said stock to said die 
elements by keeping the latter at a cooling temperature during 
the whole' processing, thereby a quench effect upon said stock 
under forming'pressure. 
An apparatus for carrying out the above process, comprises 

an upper die element having a working surface made in regis 
tration with the corresponding ?nished surface of the steel 
stock, a lower die element having a working surface made in 
registration with the corresponding ?nished surface ‘of the 
stock; an actuating power means for moving said die elements 
towards each other and separating from each other, for apply 
ing a mechanical pressure upon’ said stock when the latter is 

squeezed between said die elements when said actuating 
means is brought into actuation in the direction towards rela 
tive engagement of the die elements; and cooling means for 
said die elements, thereby said stock being subjected to cool 
ing for quenching as well as’forrning to its desired shape when 
squeezed between the cooled die members under pressure. 

' The actuating means is preferably shaped into a hydraulic 
piston-and-cylinder unit operable by the will of an operator, 
either of said piston or cylinder being mechanically connected 

7 with one of said die elements for driving them as desired for 
the press-forming and quenching job. The cooling means is 
preferably formed into a cooling chamber provided in each of 
the die elements and arranged to receiving a circulating 
stream of coolant. . 

These and further objects, features and advantages of the 
invention will become more apparent when read the following 
detailed description of the invention by reference to the ac 
companying drawings. ' 

In the drawings : . 

FIG. 1 is a top plan view of a diaphragm spring destined for 
use in an automotive clutch assembly, and indeed, as a 
representative example of the products manufactured accord 
ing to the improved technique’ proposed by the invention. 

' FIG. 2 is a side view of the diaphragm spring shown in FIG. 
1. ‘ ' 

FIG. 3 is an elevational view of an apparatus adapted for use 
in the practice of the process according to the invention. 

FIG. 4 is an enlarged sectional elevation of several main 
working elements of the apparatus shown in FIG. 3. 
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. free ends 103 of all the lever portions 102 when 
It will be clearly seen from the foregoing description and by . 
judgement from the drawing that the diaphragm spring 100‘ 

2 
FIG. 5 is an explanatory chart in which the thennal penetra 

tion rate, Kcal/m’PC'h‘”, of the tool has been plotted against 
the ideal critical diameter in inches, of the work, as a 
representative example in the practice of the process accord 
ing to this invention. 

FIG. 6 is a further explanatory chart showing the relation 
ship between the theoretical ?nal temperature, ‘’ C., attainable 
in the work upon quenching, on the one hand, and the thermal 
capacity ratio which means more speci?cally the relative ratio 
between the thermal capacity of the 
and that of the work to be quenched. 

FIG. 7 is a still further explanatory chartillustrative of the 
relationship between the hardness of quenched work samples 
as processed by the process according to the invention and the I 
thicknesses of the samples. 

FIG. 8 is a still further explanatory chart illustrative of the‘ 
in?uence upon the hardness as well as the thickness of the 
product processed in accordance with the invention, by the‘ 
processing pressure. . - 

FIG. 9 is a similar view to FIG. 4, wherein a selectively lo 
calized quenching is being carried into effect as a modi?ed 
mode of the process according to this invention. 

FIG. 10 is a still further explanatory chart illustrative of a 
distributed hardness developed on the surface of .a work piece 
processed in accordance with the modi?ed mode of the inven 
tion shown in the foregoing FIG..9. 

Referring now to FIGS. I and 2 of the drawings, the kind 
and nature of a representative work piece, or more speci?cally . 
diaphragm spring for automotive clutch use and the conven 
tional technique of the press-forming .and the quenching 
thereof will be briefly described for the illustration of techni 
cal background of the present invention. 
The diaphragm spring 100 has a generally dish~shaped con 

?guration and comprises a peripheral ring-shaped main spring 
body part 101 and a number of radially arranged lever-like 
portions 102 which extend concentrically from said main body 
part 101 towards the center of the diaphragm when seen in its 
top plan view shown in FIG. 1. Each of said lever-like portions 
102 has a gradually reducing width and there is an open circu 
lar area de?ned by a circle connecting the innermost or top 

seen in FIG. 1. 

represents a rotational symmetry about its central axis and has 
’ generally a truncated cone shape. The diaphragm spring is 
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made generally of a kind of high carbon steel and the lever 
ends 103 must be hardened so as to provide a possible 
minimum sliding wear in sliding contact with a conventional 
automotive clutch release bearing not shown, while the 
remaining parts of the diaphragm spring must have generally a 
spring characteristic as such. In order to satisfy the aforemen 
tioned speci?c requirements, the diaphragm spring is manu 
factured through the following several successive fabricating 
steps: 

a. a generally circular stock is pressed out from a large size 
steel sheet material, so as to represent a number of lever 
like portions 102 and a ring-shaped main body part 101 
integral therewith. 

b. the thus pressed-out plane stock is shaped generally into a 
truncated cone on a forming press. 

c. the thus shaped truncated cone stock is heated at about 
830° C. for about 20 minutes and then quenched 
therefrom into an oil bath for hardening of the product as 
a whole. 

d. the quenched .stock is then heated at about 320° C. for 
about 90 minutes and then air-cooled to normal tempera 
ture for performing a provisional tempering. 

e. the thus provisionally tempered stock is heated at about ' 
450° C. for about 180 minutes and then air-cooled to nor‘ 
mal temperature for carrying out a press-tempering so as 
to remove the overall distortion. ' 

f. the thus press-tempered stock is subjected to a high 
frequency induction hardening substantially at the end 
extremities of the lever portions. 

tool to provide quenching 



3,668,917 
3 

g. the lever portions are subjected to a tempering step. 
It may be therefore understood that according to the prior 

technique for the manufacture of the diaphragm spring of the 
above kind, the whole process requires a longer treating 
period, as well as a highly skilled workmanship, on account of 
separately applied quenching and repeatedly applied temper 
ing steps, as speci?cally appearing in the foregoing items c — e 
and especially for the purpose of removing unavoidably 
developed thermal deformation. 

It is proposed by the present invention to carry out several 
processing steps as at b — e, beginning from the press-forming 
and ending with the deformation removing tempering, exclu 
sively in one step and in a shortest possible time period in such 
a way that a steel stock pressed out from a sheet material and 
heated up to a quenching temperature is subjected to a press 

5 

fonning step while being held in position by means of die ' 
members providing in combination the ?nal space con?gura 
tion of a desired product, thereby transmitting heat from the 
stock to the die members for quenching the stock simultane 
ously with the press-forming thereof to its ?nal con?guration. 

Next, referring to FIGS. 3 and 4, a preferred apparatus 
adapted for carrying out the process will be described in 
detail. 

In these ?gures, the numeral 10 denotes a bed which is pro 
vided with a plurality of legs 11 mounted in position on a ?oor 
surface 12. A plurality of vertical columns 13 are rigidly at 
tached with their lower ends to the bed 10 and a rigid top plate 
14 is ?xedly attached to the upper ends of said columns. A 
hydraulic cylinder 15 is rigidly mounted on the plate 14 
although the ?xing and attaching means have been omitted 
from the drawing on account of its very popularity. The interi 
or cylinder spaces 22 and 23 de?ned by a piston 24 slidably 
received in the cylinder 15 are connected through respective 
pipings 16 and 17 and a control valve assembly 18 to a certain 
conventional hydraulic pressure source, such as pressure oil 
reservoir, oil pump or the like, not shown. Control valve 18 is 
so designed and arranged that by manipulating a control lever 
19 attached thereto, pressure oil ?ow through these pipings 
I6; 17 can be on - off controlled for supply and discharge of 
oil to and from the cylinder 15. 
A slide or ram 20 formed into a horizontally extending rigid 

plate is formed with a plurality of tubular members 21 which 
are slidably mounted on said columns 13. 
The hydraulic cylinder 15 is provided with an upper cover 

?ange 15a and a lower cover ?ange 15b rigidly attached by 
means of a plurality of ?xing bolts, not shown only for sim 
plicity of the drawing, for sealing through suitably designed 
and arranged conventional gasket means, not shown, the 
cylinder spaces 22 and 23, and the piston 24 is rigidly con 
nected with a vertically extending piston rod 25 which is in 
turn rigidly connected at its lower extremity with the ram 20, 
although the ?xing means have not been shown only for sim 
plicity. Therefore, the assembly comprising piston 24, rod 25 
and ram 20 is slidably movable in the vertical direction, as 
hinted by a small double head arrow 25' shown in FIG. 3 by 
pressurizing the hydraulic working liquid medium such as oil 
prevailing in the upper or lower cylinder chamber 22 or 23 by 
properly manipulating the control valve 18 as conventionally. 
A holder plate 26 is ?xedly attached by means of a plurality 

of ?xing screws 27 on the bottom surface of the ram 20, and 
carries an upper die element 28 rigidly attached by means of 
?xing screws 29 to the holder 26, said die element being 
shaped into substantially a stepped hollow cylinder. The die 
member 28 is formed in the bottom wall with a positioning 
recess 129 which is so designed and arranged to cooperate 
with a mating pin 30, as will be more fully described 
hereinafter. The interior space 28a of die member 28 is closed 
by means of a closure plate 31 which is sealingly attached 
through a seal ring 32 by means of a plurality of ?xing bolts 33 
to a shoulder surface 34’ formed on a upper part of the die 
member 28. The bottom surface 28b around said positioning 
recess 129 is shaped into a tapered ring surface adapted to 
shape the inside truncated cone surface of the product 
diaphragm spring 40. The thus sealingly closed interior space 
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4 
28a of the upper die member serves as a cooling liquid space 
wherein a coolant, preferably cold water, is supplied through a 
?exible tubing 43 and let out through a duct 133 bored 
laterally through the upper part of the die wall; a ?exible tub 
ing 34 connected at its one end ?xedly to said duct 133; and a 
piping 35 connected rigidly with the opposite end of said tub 
ing 34. 
A lower holder plate 38 which is similar in its design and 

function with the upper holder plate 26, is ?xedly attached by 
screws 37 to the base or bed 10, on its upper surface 1011 as 
shown more speci?cally in FIG. 4, said plate 38 mounting in 
turn ?xedly by means of a plurality of ?xing screws 39 a lower 
die member 36 which is shaped substantially into an inverted 
cylindrical cup, the interior inside space 360 being sealingly 
closed by a closure plate 49 similar to the upper closure 31. 
This plate 49 is ?xedly attached through the intermediary of 
seal ring 44 by set screws 48, the thus sealingly closed interior 
space 36a serving again as a cooling liquid chamber as in the 
case of upper die chamber 28a. The upper or working surface 
36b of the lower die member 36 has a general con?guration 
mating with that 28b of the upper die member 28 and is 
formed with a central recess 1360 which receives snugly the 
positioning or centering round pin 30 for a processing work 
piece 40, the latter being formed with a central opening 40a 
for slidably receiving said pin. 
The lower die member is formed with a duct 134 which is 

bored through the lower part of the peripheral wall of the die 
36 to which is fixedly attached a coolantvsupply piping 42 
leading to a supply source, not shown. A control valve 45 is in 
serted in this piping 42 for control of proper supply quantity of 
the coolant which is preferably cold water. Both cooling 
chambers 28a and 360 are kept in ?uid communication with 
each other by means ofa ?exible tubing 43 which is connected 
at its respective ends with said chambers, as most clearly seen 
from FIG. 4. 

In the following, a process for the simultaneous press-form 
ing and quenching operation according to the invention will 
be described in detail, in conjunction with the operation of the 
press so far shown and described with reference to FIGS. 3 
and 4. 
The processing stock 40 or diaphragm spring stock, had an 

outside diameter of 170 mm and a thickness of 2 mm. The 
material of the stock was carbon tool steel, class 5 (HS, 
SK-S), while that of the dies 28 and 36 was structural carbon 
steel (.IIS, 545C). The term “JIS" is an abbreviation of “ 
Japanese Industrial Standard." 
The ?at diaphragm spring stock was heated in a suitable fur 

nace or the like at a austenitizing temperature of about 830° 
C.; promptly taken out from the furnace and then placed on 
the lower die 36 with its positioning pin 30 brought into regis 
tration with the central round opening 40a of the stock 40. 
Next, the control valve 18 is actuated so as to introduce the 
pressurized working liquid through the piping 16 into the 
upper cylinder space 22 for forcibly lowering the ram as 
sembly comprising piston 24, rod 25, ram plate 20, upper 
holder plate 26 and upper die 28, towards the lower die 36, 
thereby bringing the stock into its squeezed position between 
the both die members under high pressure. At this pressing 
and quenching stage, the upper surface of the stock is brought 
into pressure engagement with the working surface of the 
upper die and in the similar way the bottom surface of the 
stock is brought into pressure contact with the working sur 
face of the lower die. In this way, the stock is forcibly trans 
formed from its plane con?guration into the ?nal or substan 
tially truncated cone shape shown in FIG. 2. At the same time, 
substantial heat is discharged from the stock and penetrate 
through the walls of the respective dies into the circulating 
cooling medium, preferably cold water and was carried along 
thereby. In this way, the stock was press-formed to the desired 
shape and at the same time quenched in an effective manner. 
The die-application pressure acting upon the stock may be 

varied from about 6 to 2,000 kgs. per sq. cm according to the 
size and dimensions of the stock to be treated. Therefore, the 
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forming and quenching press may be of a considerably large 
size so as to process even a large size product. All the practical 
tests have showed amazingly favorable results for attaining the 
combined press-forming and quenching effect. 

Next,"referring to the charts shown in FIGS. 5 and 6, the 
way for selecting proper kind of material and the necessary 
heat capacity for the cooling tools depending upon the kind of 
material and size or thermal capacity of the treating stock will 
be considered from the several experimental results. It may be 
naturally conceivable, that with increase of the thermal 

' penetration rate of the pressing and quenching dies, the higher 
cooling rate of the treating stock must be expected. Next, it 
should be noted that the temperature, T, as observed at the 
contacting surface which is deemed to establish at an instant 
when two bodies having different temperatures are brought 
into physical contact with each other, ‘can be determined by 
the following formula : 

. where T, and b, represent the initial temperature and ther 
mal penetration rate of one body, respectively; and T2 and 
b2 stand for those of the other body, respectively. 

. As an example, consider such a case where a treating stock 
of carbon steel, heated up to 800° C’. (.= T, ) is to be 
quenched. In ‘this case, what kind of material and what rate of 
thermal penetration should be selected for the quenching 
dies? Then, the following calculation can be performed : 
The thermal penetration rate (b,) for carbon steel may be 

safely taken as about 200 l(cal/m*-"C-h"2 and the temperature 
(T,) of the cooling tool means may be assumed to be 20° C. If 
the steel is quenched beyond the perlite transformation tem 
perature of steel (which meansthe nose temperature on S 
curve of steel), about 500° C. ( = T, ), instantly upon contact 
of the steel with the quenching tool, the desired quench effect 
may de?nitely be introduced. When these values are in 
troduced in the above formula 1, then : . 

b2= I25 (Kcal/m2'°C~h"2) 
Thus, the tool material having'larger value of thermal penetra 
tion' rate than the above calculated value of b2 will serve for 
the desired purpose. From observing the chart shown in FIG. 
5, it will be seen that copper, silver and iron have larger ther 
mal penetration values than that above specified. Thus, it can 
be concluded that any one of the above speci?ed several 
metals will serve well for the quenching purpose. In the above 
calculation, however, thermal resistance between the contact 

‘ .ing surfaces and‘the hardenability of the kind of alloy have 
been neglected. In fact, however, it can not be always said that 
the quenching effect is introduced depending exclusively upon 
the surface temperature of the treating stock upon contact 
with the quenching tool, wherein the above kind of contacting 
thermal resistance, the hardenability of the treating stock and 
the size or thermal capacity of the treating stock must be 
necessarily taken into account. In FIG. 5, experimental results 
are shown, illustrative of the relationship of the thermal 
penetration rate b and the hardenability (represented by ideal 
critical diameter : D, with larger value of this diameter, the 
hardenability will be correspondingly high) relative to the size 
of the treating stock. - 

On the chart shown in FIG. 5, the curve (A) shows the rela 
tionship between the necessary heat penetration rate (several 
representative materials being speci?ed in their order of ther 
malpenetration rate along the axis of ordinates) and the kind 
of the material in case of quenching treatment of a steel plate 

‘ having 2 mm thickness. As an example, when a plate made of 
JIS, 845C (D, nearly equal to 0.8 in; thickness being 2 mm) is 
to be quenched, the thermal penetration rate of the cooling 
die may be determined as : 

b =_ 200 
by observing said curve (A). 
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6 
Thus, when quenching a plate made of this kind of steel and 

having a thickness of 2 mm, the value of heat penetration rate 
higher than 200 will suffice for the desired purpose and the 
quenching material may be Fe, Al or Cu. It will be seen that in 
this case, the desired quenching can be realized by adopting 
any selected combination from the area above the curve (A). 
In the similar way, the area above the curve (B) shows various 
combinations for allowing a quenching of steel plate, 6 mm 
thick. The area above the curve (C) shows in the similar way 
various combinations for allowing a quenching treatment of a 
25 mm-thick steel plate. Non-ferrous material such as alu 
minum shows a similar tendency as above specified. 
As for the thermal capacity (speci?c heat multiplied by 

weight), Kcal/°C, the quenching may be more easily carried 
into effect with higher -value thereof owned by the cooling 
material than that of the treating stock. 
The attainable ?nal temperature T(°C.) of the treated stock 

can be calculated from the following fon'nula : 

where, C, stands for the necessary minimum thermal 
capacity of the treating stock; 

T, represents the initial temperature of the stock; 
T2 stands for the initial temperature of the‘cooling material; 
and 

C2 represents the thermal capacity of the same material. 
When considering a representative case wherein a steel 

stock is quenched by contact .with a solid cooling material, the 
theoretically attainable ?nal temperature of the stock upon 
contact with the quenching material must be lower than the 
transformation starting temperature of martensite, or Ms 
point. In the case of quench treatment of a steel having a Ms 
point of 200° C. ( = T), from a temperature of 800° C. ( = T,), 
and, assuming that the temperature of the stock to be 
quenched is at 20° C. ( = T, ), the ratio Cz/C, will be nearly 
equal to 3.3 when introducing these values into the above for 
mula (2). In order to bring the temperature of the stock by a 
quenching contact of the above nature, to a value lower than 
Ms point, the thermal capacity of the quenching materialmust 
be at least 3.3 times thatof the treating stock. When the at 
tainable ?nal temperature of the stock is plotted against the 
relative ratio between the thermal capacity of the stock and 
that of the quenching material, a curve will be obtained as 
shown, by way of example, in FIG. 6. Ms points for several 
preferred materials are also shown along the axis of ordinates. 

In the following, several speci?c features will be described 
based upon the practical experiments. In these experiments, 
the forming and quenching tools were of structural carbon 
steel, JIS, S45C. 

In FIG. 7 several comparative curves are shown. The stock 
materials were JIS, 845C and JIS, SCM 4, the latter being 
chromium-molybdenum steel, class 4. When the quenched 
hardness is set to l-IRC 55, the hardenable thickness of steel 
plate stock amounted to similar or even higher value than 
those obtainable with the conventional oil quenching process. 
In the comparative tests shown in FIG. 7, samples were 
quenched from 850° C. by the process according to this inven 
tion, and comparison is made with the oil quenched results. 
The quenched hardness was plotted against the thickness of 
the sample. It will be seen from the chart, about 8 mm thick 
samples of JIS, 845C and those about 16 mm thick of JIS, 
SCM 4 could be effectively quenched according-to this inven 
tion. 

As seen from a further chart shown in FIG. 8, a considerably 
wide range of die applying pressure can be employed in the 
practice of the inventive quenching process for realizing ,an 
evenly distributed quench hardness and a speci?c thickness of 
the sample which was in this case a diaphragm spring for au 
tomotive clutch use, as was already referred to hereinbefore. 
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In this chart, the quenched hardness was plotted against the 
die-applying pressure. At the right-hand side and along the 
axis of ordinates, the ?nal thicknesses of the quenched sam 
ples are shown. 

As seen, the die-applying pressure necessary for obtaining 
an even distribution of quenched hardness amounts to 6 kgs. 
per sq. cm. or higher. On the other hand, the dieaapplying 
pressure necessary for providing an even thickness of the 
quenched steel sheet stock ranges from nil to 2,000 kgs. per 
sq. cm. which means a considerably wide range. It is naturally 
recommendable to adopt, out of the above speci?ed pressure 
range, a possible minimum, yet enough large pressure for at 
taining the desired press-forming effect of the processed work 
piece. If, however, a reduction in the thickness of the steel 
sheet stock during the press-forming and quenching process is 
allowable to a certain degree, or alternatively a reduction in 
the thickness of the processing stock is desired rather in a 
positive way, the die-applying pressure range above speci?ed 
would have a minor importance. 

In the following table, a comparative test result is shown in 
terms of the difference in lever end height as a measure of 
developed quench distortion in the quenched steel products, 
more speci?cally diaphragm springs for automotive clutch 
use, which have been processed comparatively according to 
the prior art oil quenching process and the press-forming and 
quenching process proposed by the invention. It has been 
found that the product processed in accordance with the in 
vention represents only one-eighth - one-fourth those encoun 
tered with conventional quenching processes. 

irregularity 
in Height at 

irregularity in 
Kind of quenching Height at Inner 
Process Outside Periphery Lever Ends 

Conventional 
(Oil Quenching) l.l2 mm. 3.6] mm. 
Invention 
(Press-forming and 
Quenching 0. l4 mm. 0.25 mm. 

Remarks: the above ?gures were taken as the mean valves of 50 test 
samples in each case. 50 

The irregularity in height at outside periphery of the 
product as speci?ed above was measured in such a way that 
the product diaphragm spring was placed on a surface plate 
and the local gaps between the peripheral bottom surface of 
the diaphragm and the surface plate were precisely measured. 
When the gap was measured to nil, it was assumed that there 
was no quench distortion. On the other hand, the irregularity 
in height at inner lever ends was determined by the difference 
in height between the highest lever end and the lowest lever 
end. When the difference be nil, the quench distortion in this 
respect was assumed also to be nil. 

In the following, we will compare the inventive process with 
the conventional process in relation to the thermal cycle. 
The comparative conventional process comprises the fol‘ 

lowing four processing steps in succession: 
press-forming a plane diaphragm spring stock so as to the 

desired truncated cone shape; 
heating the press-formed stock at about 830° C. for about 
20 minutes and immersing it in a oil bath for quenching; 

heating the quenched stock at about 320° C. for about 90 
minutes and then air-cooling it to normal temperature, 
for reducing the hardness to a certain small degree; and 

heating the thus treated stock while forcedly kept in posi 
tion, by applying jig means thereon to, at about 450° C. 
for about I80 minutes and then air-cooled to normal tem 
perature for tempering to relieve of quenching distortion. 

According to the quenching process proposed by the inven 
tion, the plane stock is heated at about 830° C. for about 20 
minutes and then squeezed between a pair of press-forming 
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dies for quenching as well as press-forming the stock. The thus 
quenched and press-formed stock represents only a smallest 
possible quench distortion, as was enlisted, by way of example, 
in the foregoing table, thus practically obviating an additional 
and separate distortion-relieving step normally and conven 
tionally employed. It is only necessary to heat the quenched 
stock at about 450° C. for about 90 minutes and then air 
cooled to normal temperature, for attaining a tempering ef 
fect, thereby the whole process consisting of only two heat 
treating steps and improving the overall thermal efficiency. 
According to our practical experiments, it has been found 

that the novel teaching proposed by the'invention may be car 
ried into effect in such a way that the steel stock is press 
formed and at the same time locally quenched. 
A modi?ed embodiment of the process as well as the ap 

paratus according to this invention will be described by 
reference to FIGS. 9 and 10. 

In this case, a diaphragm spring stock 40’ destined for au 
tomotive clutch use and prefabricated from a steel sheet, 2 
mm thick, the material steel being carbon tool steel, Class 5, in 
conformity to the speci?cations of JIS, SK-S as before, was 
processed on a modi?ed machine shown in FIG. 9. The 
processing was so carried out that it was pressed fonned to the 
desired ?nal shape of a truncated cone in its elevational con 
?guration, while at the same time the stock is subjected only 
locally at the peripheral ring-shaped area 101 (FIG. 2) as 
de?ned therein by an imaginary dotted circle 104, and extend 
ing outwardly therefrom. 
For this purpose, the upper and lower die elements 28 and 

36 are formed with respective mating working surfaces 28b’ 
and 36b’ having more limited areas than before adapted for 
performing the desired local quenching from both upper and 
lower sides of the peripheral ring-shaped zone of the stock, the 
remaining working surface of each of said dies being substan 
tially recessed at 28a’ or 36d, respectively, for avoiding the 
stock from any physical contact with the press dies. 
The processing particulars in this case were same as before. 

More speci?cally, the diaphragm spring stock 40' was heated 
to a quenching temperature as before and then placed on the 
lower die element 36' around its centering pin 30’ and the 
upper die element 28' was lowered hydraulically as before 
against the lower die element through the intermediary of the 
thus centrally positioned processing stock. Naturally, in this 
case, the outer ring peripheral zone 101' of the stock was 
brought into heat-conducting pressure contact with the " 
respective working surfaces 28b’ and 3611', the remaining area 
of the stock being prevented from contact with the pressing 
and quenching die elements, as was brie?y described 
hereinabove. In FIG. 9, the thus contacted ring are 101' being 
shown at “y“, while the remaining non-contacting zone being 
denoted by “x”. In this way, the contacted and pressurized 
area “y" was only quenched, while the remaining non-con 
tacting area “.r" was subjected in noway to the quenching ef 
fect. 

FIG. 10 represents a curve showing a distribution of the 
hardness after quenching in the thus treated stock. As clearly 
seen from this curve, the outer peripheral zone 101' of the 
stock 40', said zone having a radial length “y" as said above, is 
subjected to a substantial quenching amounting to about H RC 
65°, while the remaining non-contacted area, having a radial 
length of “x", has not been quenched, representing in the 
mean a hardness of about HRC 30°. The temperature from 
which the stock was quenched was 830° C. as mentioned 
hereinbefore. 

In this way, the stock was press-formed and at the same time 
effectively quenched. 
From the foregoing, it may well be understood that the 

process according to this invention provides a combined 
press-forming and quenching effect, whether wholly or locally 
as the case may be, and with a minimum possible quench 
deformation, so that otherwise necessary press-tempering step 
for relieving the appreciable deformation developed in the 
quenching step may be substantially obviated. 
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In addition, the hardness distribution in the quenched stock 

is highly even and advantageous when relying upon the novel 
teaching proposed by the invention. 

Under'circumstances, the die elements and/or the treating 
stock may be surface-treated for accelerating or decelerating 
the quenching effect. For the same purpose, liquid or pul 
verized medium may be applied onto the working Surfaces of 
the die elements, or even onto the processing surface of the 
stock per se. An insertion of a metal foil between the work 
piece and the working surface of the die element. For attain 
ing a more effecting cooling function provided by the coolant, 
the latter may naturally be pre-cooled in advance of introduc 
tion thereof into‘ the die cooling spaces. A cooling brine may 
be used under certain occasions. 

' What we claim is: 

1. A process for press-forming and quenching a diaphragm 
spring made of steel stock, comprising the steps of: 

a. heating the diaphragm spring to its austenitizing tempera 
ture; ' 

b. placing the heated diaphragm spring on one of two mu 
tually cooperating die members; 

0. cooling said cooperating die members with a liquid cool 
ing medium; and 

d. pressing said heated diaphragm spring between the pair 
of mutually cooperating die members at a pressure of 
6-2,000 kgs./sq.cm. while rapidly removing considerable 
heat from the diaphragm spring through thermal conduc 
tion and penetration therefrom to said die members, to 
form said diaphragm spring to its desired shape while 
simultaneously providing a quench and hardening effect 
upon the diaphragm spring stock. 

2. The process as claimed in claim 1, wherein said 
diaphragm spring is heated to a temperature ranging from 
750° C. to 950° C. and . is simultaneously pressed and 

. quenched to harden said diaphragm spring to a hardness of 
HRC 55. 

3. The process as claimed in claim 1, further comprising the 
step of partially pressing the diaphragm spring under pressure 
between the pair of said die members to partially press-form 
the diaphragm spring to its desired shape while partially 
removing considerable heat rapidly from a peripheral ring 
shaped spring part of the diaphragm spring through thermal 
conduction and penetration therefrom to said die members for 
quenching and hardening said part of the diaphragm spring. 
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4. An apparatus for simultaneously press-forming and 

quenching a diaphragm spring made of a steel stock, compris 
ing, an upper die element having a working surface thereon 
for registration with the corresponding ?nished surface of the 
diaphragm spring, a lower die element cooperating with said 
upper die element and having a working surface for registra 
tion with the corresponding opposite ?nished surface of the 
diaphragm spring, each of said upper and lower die elements 
having an interior space formed therein through which a liquid 
coolant is subjected to a rapid cooling for quenching and 
hardening said spring to a predetermined hardness simultane 
ously with a power actuating means operatively connected to 
said die elements for‘ moving said die elements towards and 
away from each other for applying a mechanical pressure of 
6—2,000 kgs./sq.cm. on said diaphragm spring stock when said 
diaphragm spring is pressed between said die elements upon 
actuation of said power actuating means to move said die ele 
ments towards each other, said conduit means operatively 
connected to the interior space in said upper and lower die 
elements for supplying and discharging said liquid coolant to 
and from the interior space of each of said die elements, 
whereby said diaphragm spring stock is subjected to a rapid 
cooling for quenching said spring simultaneously with the 
pressing of said spring to form said spring to its desired shape 
under pressure between said cooled die elements. 

5. An apparatus as claimed in claim 4, characterized by 
each of said cooperating die elements being formed with a 
recess partially de?ning said working surface for obtaining the 

. desired local quenching effect upon the diaphragm spring 
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being pressed therebetween. _ _ 
6. An apparatus as claimed in claim 4, wherein said liquid 

coolant is cold water. 
7. An apparatus as claimed in claim 4, wherein one of said 

conduit means is connected between the interior spaces of 
said upper and lower die elements for conducting coolants 
therebetween. 

8. An apparatus as claimed in claim 4, wherein said lower 
die element further comprises a positioning pin located in the 
center thereof for guiding and positioning a central circular 
opening formed in said diaphragm spring, and said upper die 
element is formed with a corresponding positioning recess for 
cooperation with said pin when said die elements are moved 
towards each other. 

* * * * * 


