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10 Claims. (Cl. 267-1) 

The present invention relates generally to compression 
.wrings. More particularly the invention relates to 
that type of compression spring which is known in the 
art as a “Belleville” spring, has an extremely high load 
volumetric displacement ratio, comprises a rectilinear 
or straight series of pairs of oppositely facing, comple 
mcntal, frusto-conical washers and is primarily designed 
for use in connection with a pair of vertically spaced die 
members, the upper member of which is movable up 
and down with respect to the lower member and the 
lower member of which is normally stationary and has 
a vertically extending cylindrical open top cavity for re 
taining the spring. 

In connection with use of a compression spring of 
the aforementioned type it has heretofore been custo 
mary to mount the pairs of oppositely facing, comple 
mental, frusto~conical washers loosely in the vertically 
extending cylindrical open top cavity in the lower die 
member and to provide the upper die member with a 
?xed cylindrical depending stud~like element which is 
the same in diameter as, and is in coaxial relation with, 
the cavity and operates in connection with downward 
movement of the upper die member with respect to the 
lower die member to compress the washers to the end 
that at the end of downward movement of the upper 
die ‘member the washers, in connection with expansion 
thereof to their normal position, force the upper die 
member upwards. in practice it has been found that 
when the pairs of oppositely facing, complemental,-frus 
to-conical washers are mounted loosely in the spring 
retaining cavity in the lower die member the spring 1 
as a whole is objectionable for several reasons. In the 
?rst place, the washers, because they are not maintained 
in truly coaxial alignment within the cavity, become lat 
erally offset and not only tend to bind in connection 
with compression and expansion of the spring, but also 
rub against and appreciably wear the cavity de?ning sur 
face of the lower die member. Secondly, the washers, 
in connection with use of the spring, are likely to be 
displaced from their normal operative position within 
the cavity with the attendant possibility of being lost 
or misplaced or improperly positioned when returned 
to the cavity. Thirdly, when it is necessary to remove 
the spring from the cavity for repair or replacement pur? 
poses di?iculty is encountered in removing the indi 
vidual washers because they are loose or independent 
of one another and hence cannot be withdrawn from 
the cavity as a unit. ' 

The principal object of this invention is to provide 
a “Belleville” variety compression spring which is an 
improvement upon, and eliminates the objections to, pre 
viously designed springs of the same general nature and 
is characterized by the fact that it is in the form of a 
unitary assembly. In general, the present compression 
spring comprises in addition to the rectilinear or straight 
series of pairs of oppositely facing, complemental, frus 
to-conical washers the following parts: (1) a vertical 
rod which extends slightly loosely through the center 
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holes in the washers, serves to maintain the washers in 
alignment and against appreciable lateral displacement 
and is adapted to have its lower extremity positioned 
in a bore that extends downwards from the central 
portion of the bottom surface of the spring retaining 
cavity in the lower die member; (2) an upper retain 
ing ring which extends around the upper extremity of 
the rod and is adapted to abut ?atly against the upper 
die member; (3) a lower retaining ring which has the 
lower end of the rod extending slidably therethrough, 
is of slightly greater external diameter than the washers, 
is adapted to ?t snugly within the bottom of the cavity, 
operates in conjunction with the upper retaining ring 
to hold the rod against lateral displacement, and serves 
with the rod to maintain the outer peripheries of the 
washers out of contact or engagement with the side 
surface of the spring retaining cavity in the lower die 
member; and (4) an abutment forming element which 
is connected to the lower extremity of the rod and is 
adapted to coact with the lower retaining ring to limit 
upward sliding movement of the rod with respect to 
such ring. By reason of ‘the fact that the spring in 
cludes the additional parts heretofore mentioned the 
frusto-conical washers cannot bind against or wear away 
the side wall of the cavity or become lost or misplaced 
and the spring as a whole is in the form of a unitary as 
sembly and hence may be readily and bodily removed 
from the cavity when desired. 

Another object of the invention is to provide a com 
pression spring of the last mentioned character in which 
the abutment forming element on the lower extremity 
of the washer aligning rod is in the form of a snap ring, 
the inner marginal portion of which ?ts removably in 
an annular groove in the lower extremity of the rod and 
the outer marginal portion of which projects outwards 
and transversely of the rod and is adapted to abut 
against the bottom surface of the lower retaining ring 
when the spring is in its expanded or extended position. 
A further object of the invention is to provide 3. “Belle 

ville” variety compression spring of the type and charac 
ter under consideration in which the upper retaining ring 
embodies a counter-bore at the upper end of its center 
hole and is held against upward displacement with re 
spect to the rod by way of a snap ring, the inner marginal 
portion of which ?ts removably in an annular groove 
in the upper extremity of the rod and the outer marginal 
portion of which is disposed within the aforementioned 
counter-bore. - 

A still further object of the invention is to provide a 
compression spring which is generally of new and im 
proved construction, effectively and efficiently ful?lls its 
intended purpose and is capable of being manufactured 
at a comparatively low cost and also assembled and dis 
mantled with facility. 

Other objects of the invention and the various ad 
vantages and characteristics of the present “Belleville” 
variety compression spring will be apparent from a con 
sideration of the following detailed description. 
The invention consists in the several novel features 

which are hereinafter set forth and are more particularly 
de?ned by claims at the conclusion hereof. 

In the drawings which accompany and form a part 
of this speci?cation or disclosure and in which like nu 
merals of reference denote corresponding parts through 
out the several views: 

Figure l is a vertical section showing a compression 
spring embodying one form of the invention in operative 
relation with a pair of conventional vertically spaced die 
members and after the pairs of oppositely facing com 
plemental frusto-conical washers thereof have expanded 
to their normal position; 

Figure 2 is a vertical section showing the pressure 
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spring of Figure 1 after it has been compressed as the 
result of the upper die member being shifted downward 
with respect to the lower die member, and illustrating 
in detail the manner in which the rod and the lower 
retaining ring coact with the upper retaining ring to hold 
the Washers in axial alignment and out of engagement 
with the side wall of the spring retaining cavity in the 
lower die member; 

Figure 3 is a horizontal section taken on the line 3—3 
of Figure l and showing in detail the construction, de 
sign and arrangement of the snap ring which serves to 
hold the upper retaining ring against upward displace 
ment with respect to the washer aligning rod; 

Figure 4 is a perspective view of one of the frusto' 
conical washers of the compression spring that is shown 
in Figures 1, 2, and 3; 

Figure 5 is a view, partly in side elevation and partly 
in vertical section, showing a compression spring which ' ' 
constitutes a second form of embodiment of the inven 
tion and is characterized by the fact that it embodies a " 
guide ring on the central portion of the rod for assisting 
the lower retaining ring in holding the rod against lat— 
eral displacement with respect to the spring receiving 1 
cavity in the lower die member; 

Figure 6 is a view, partly in side elevation and partly 
in vertical section, showing a compression spring which 
constitutes a third form or embodiment of the inven 
tion and is characterized by the fact that the lower re- * 
taining ring through which the lower end of the washer 
aligning rod extends slidably, embodies an integral de- ' 
pending tubular stem which ?ts snugly within the bore 
in the lower die member for accommodating the lower 
extremity of the rod and assists the lower retaining ring ' 
in holding the rod against lateral displacement while 
the spring is in its operative position; 

Figure 7 is a view, partly in side elevation and partly 
in section, showing, before assembly, a compression 
spring which constitutes a fourth form or embodiment 
of the invention and is characterized by the fact that the 
frusto-conical washers are at all times under compression 
so that the spring as a whole is what may be termed a 
pre-loaded spring; 

Figure 8 is a view similar to Figure 7, except that it 
illustrates the various parts or elements of the spring in 
their assembled position; and 

a .Figure 9 is a view, partly in side elevation and partly 
.in section, showing a compression spring which embodies 
a ?fth form or embodiment of the invention and is char 
.acterized by the fact that it has different or variable 
load de?ection characteristics by reason of the fact that '1'; 
certain of the frusto-conical washers are thinner and 
.hence weaker than the others. 

Compression spring of Figures 1 t0 4, inclusive 

The compression spring that is shown in Figures l to 
4, inclusive, constitutes one form of the invention and 
is essentially a “Belleville” spring. t is adapted for use 
vin connection with a lower die member 10 and an upper 
die member 11 and as its parts or components comprises 
a rod 12, a rectilinear or straight series of pairs of 
frusto-conical washers 13, an upper retaining ring 14, 
.a snap ring 15, a lower retainingring 16 and a snap 
ring'17.‘ ' ' ' 

The lower and upper die members 10 and 11 are merely 
illustrative of a pair of coacting members with which 

It 
is‘contemplated that the lower die member 10 will remain 
stationary and may be the male die of a conventional 
power operated punch press (not shown). As shown 
in Figures 1 and 2, the lower die member 10 embodies " 
a vertically extending cylindrical cavity 18 for retaining 
the compression spring and has a bore 19 extending 
downwards from the bottom of the cavity. The cavity 
18 is of uniform diameter from end to end and has an 
open top by reason of the fact that the upper end thereof 

4 
intersects the top face or surface of the lower die mem: 
ber 10. The bore 19 is of materially less diameter than 
the cavity 18 and functions, as hereinafter described, to 
receive the lower extremity of the rod 12 of the spring. 
it is in axial alignment with the cavity and has the 
upper end thereof in communication with the bottom of 
the cavity, as shown in Figures 1 and 2. The upper 
die member 11 overlies the lower die member 10 and 
is mounted by means (not shown) so that it is movable 
up and down with respect to the lower die member. 
It is contemplated that the upper die member 11 may 
be a pressure pad stripper or analogous part of a punch 
press die and also that it will be shifted rectilinearly 
downwards by power and returned to its normal or start 

' ing position by the action of the compression spring. 
The bottom portion of the upper die member ,11 is pro 
vided with an open bottom cylindrical cavity 20 which, 
as shown in Figures 1 and 2 of the drawings, is the 
same in diameter as the cavity 18 and is arranged in 
coaxial relation with the latter. 
The rod 12 extends vertically and when the spring 

is in its operative position with respect to the lower and 
' upper die members is disposed for the most part in the 

cylindrical open top cavity 18 in the lower die mem 
her. It is preferably formed of steel or like strong rigid 
metal and embodies an annular groove 21 in its upper ex 
tremity and an annular groove 22 in its lower extremity. 
Except for these two grooves the rod 12 is of uniform 
diameter from end to end. As pointed out hereafter the 
upper retaining ring 14 holdes the upper end of the rod 
12 in centered relation with the cavity 20 in the upper die 
member 11 and the lower retaining ring 16 holds the 
lower end of the rod in centered relation with the cavity 
18 in the lower die member 10. The diameter of the 
rod 12 is materially less than the diameter of the bore 
19 that extends or projects downwards from the central 
portion of the bottom of the cavity 18. When the spring 
is in its operative position with respect to the upper and 
lower die members the upper end surface of the rod 12 
is disposed adjacent the central portion of the top wall 
of the cavity 20 and the lower extremity of the rod is 
disposed within the bore 19. In connection with down 
ward movement of the upper die member 12 relatively 
to the lower die member 10 the lower extremity of the 

‘t rod moves downwards in the bore 19 as shown in 
Figure 2. 
The pairs of frusto-conical washers 13 are mounted on 

the rod 12 between the upper and lower retaining rings 
14 and 16. The lowermost washer of each pair faces in 
one direction and the uppermost washer of each pair 
faces in the opposite direction, as illustrated in Figures 
1 and 2. The washers are preferably formed of steel 
or like metal and are of such thickness that they ?atten 
when subjected to a compressive force. The rod 12 of 
the spring serves to hold the pairs of oppositely facing 
washers in axial alignment and prevents any appreciable 
lateral displacement of the washers. All the washers 13 
are the same in size and thickness. The washers are of 
such internal diameter that when they are ?attened their 

.; inner peripheries do not grip snugly the rod 12 (see 
Figure 2). In practice it has been found that the best 
results are obtained when the inner diameter of the wash 
ers is but slightly greater than the diameter of the rod 
12 to the end that the rod serves effectively and efficient 
ly to hold the washers in alignment and against ap 
preciable lateral displacement. The external diameter 
of the washers 13 is such that when the washers are 
compressed their outer peripheries do not contact or 
engage the side wall of the cavity 18, as shown in Figure 
2 of the drawings. It is contemplated that When the 
upper die member 11 is in its up position the washers 13 
will assume their normal frusto-conical position and that 
when the upper die member is shifted downwards the 
washers will be compressed between the upper and lower 

; retaining rings 14 and 16. It is also contemplated that 
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when the upper die member 11 is released after it is 
shifted downwards to its fullest extent the washers '13 
will expand to their normal frusto-conical shape and 
thus return the upper die member to its up position with 
respect to the lower die member 10. 
The upper retaining ring 14 of the compression spring 

of Figures 1 to 4, inclusive, extends around the upper 
extremity of the rod 12 and is formed of steel or other 
suitable metal. It has ?at top and bottom surfaces and 
fits snugly but removably in the open bottom cavity 26 it 
in the upper die member 11. The purpose of the upper 
retaining ring 14 is to center and hold against lateral 
displacement the upper end of the 'rod 12. The flat top 
surface of the ring 14 ?ts directly against the top wall of 
the cavity 20 and the ?at bottom surface of the upper re 
taining ‘ring forms an abutment for the uppermost frusto 
conical washer 13. The center hole in the upper retain 
ing ring 14 is designated in the drawing by the reference 
numeral 23 and is of such diameter that it ?ts snugly 
around the adjacent portion of the upper extremity of :1‘ 
the rod 12. The upper central portion of such ring is 
provided with a counter-bore 24 which is in concentric 
relation with the center hole 23 and is of slightly greater 
diameter than the external diameter of the snap ring 15. 
The height of the counter-bore is substantially equal to - 
the distance from he bottom of the annular groove 21 
to the upper end surface of the rod. In view of the fact 
that the upper retaining ‘ring 14 is shaped to ?t snugly 
in the cavity v20 the outer diameter of the ‘ring is greater 
than the outer diameter of the washers 13 when the lat- :7 
te'r are compressed or ?attened to their fullest extent in 
connection with compressing of the spring as a whole. 
The snap ring 15 is radially ‘split, as shown in Figure 

3, and serves to hold the upper retaining ring '14 against 
upward displacement with ‘respect to the upper extremity . 
of the rod 12. It is so arranged that its inner marginal 
portion ?ts snugly ‘within the annular groove 21 in the 
upper extremity of the rod 12 and its outer marginal 
portion ?ts within the counter-bore 24 and abuts against 
the bottom of the latter. 
snap ring 15 is ?rst manipulated into interlocked relation 
with the annular groove 21. Thereafter the upper re 
taining ring 14 is mounted around the lower end of the 
rod 12 and is then slid upwards until the bottom of the 
counter-bore 24 is brought into abutment with the outer 
marginal portion of the snap ring 15. 
The lower retaining ring 16 extends around the lower 

end of the vrod 12 and is formed of steel ‘or any other 
suitable metal. It ?ts snugly but removably within the 
bottom of the cavity 18 in the lower die member 10 and 
serves to center the rod 12 with respect to the cavity 18 
and also to hold the lower end of the rod against lateral 
displacement. As shown in Figures 1 and 2, the bottom 
and top surfaces of the lower retaining ring 16 are ?at. 
The outer portion of the ?at bottom surface of the ring 3, 
16 ?ts ?atly against the bottom wall of the cavity 18 and 
the flat top surface of the ring 16 forms an abutment for 
the lowermost washer 13. The diameter of the center 
hole of the retaining ring is slightly. greater than the di 
ameter of the rod in order that the lower end of the rod 
is free to slide up and down with respect to the retaining 
ring while at the same time the retaining ring functions 
as heretofore pointed out. ‘ By reason of the fact that 
the lower retaining ring when ‘in its operativeposition 
?ts snugly ‘within thevbottorn of the cavity ‘18 the outer 
diameter of such retaining ring is greater than the outer 
diameter of the washers when the latter ‘are compressed 
or ?attened and hence the lower retaining ring prevents 
the washers from engaging the side wall of the cavity 13 
in connection with full compression of the spring as a 
whole. By preventing the’ washers from engaging the 
side wall of the cavity 18 the washers, in connection with 
compression of the spring, cannot bind or wear the vside 
wall of the cavity ‘18. 
The snap ring 17 is radially split like the snap ring 

In assembling the spring the ._w 
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6 
15 and coacts with the lower retaining ring 16 to limit 
upward sliding movement of the rod 12 with respect 
to such ring. It is so arranged that its inner marginal 
portion ?ts snugly within the annular groove 22 in the 
lower extremity of the rod 12. The outer ‘marginal 
portion of the snap ring 17 projects outwards of the 
groove 22 and, as shown in Figure 1, abuts against the 
inner portion of the ?at bottom surface of the lower 
retaining ring 16 when the spring is in its extended or 
expanded position. In assembling the spring the lower 
retaining ring 16, after mounting of the upper retaining 
ring 14 and the pairs of oppositely facing complemental 
frusto-conical washers 13 on the rod 12, is slid upwards 
on the lower end of the rod 12 to a point above the 
annular groove 22 and then the snap ring '17 is ma 
nipulated into interlocked relation with the groove 22. 
After such manipulation of the snap ring 17 the spring 
as a whole is in the form of a unitary assembly. In 
the event that it is desired to dismantle the spring in 
order to replace any of the frusto-conical washers '13 
it is only necessary to remove the snap ring 17‘ After 
removal of the snap ring the lower retaining ring 16, 
as well as the washers, may be slid downwards out of 
encircling relation with the rod 12. 
When it is desired to install the spring the upper die 

member 11 is raised so as fully to expose the cavity 18 
in the lower die member 10. Thereafter the spring in 
assembled form is inserted downwards into the cavity 
18 until the lower retaining ring 16 bottoms or abuts 
against the bottom wall of thecavity. After such ma 
nipulation the upper die member 11 is lowered until 
the upper retaining ring 14 is located within the open 
bottom cavity 20. After mounting in place the spring 
operates as hereinbefore indicated. ‘ 

The spring of Figures 1, 2, 3 and 4 of the drawings is 
essentially a unitary assembly and may be readily and 
easily mounted in place and withdrawn. It is capable 
of being manufactured at a comparatively low cost and, 
due to its particular construction or design, eliminates 
any possibility of the frusto-conical washers binding or 
wearing away the side wall of the cavity in the lower die 
member. By reason of the fact that the spring includes 
the snap rings 15 and 17, assembly and dismantlement 
of the spring may be readily effected. 

Compression spring 0]‘ Fig. 5 
The compression spring that is illustrated in Figure 5 

constitutes a second form or embodiment of the in 
vention. It is adapted for use with a lower die member 
10a and an upper die member 11a and comprises a 
vertically extending rod 12a, a series of pairs of op 
positely facing complemental frusto-conical washers 13:: 
on the rod, an upper retaining ring 14a around the 
upper extremity of the rod, a snap ring 15a for limiting 
upward displacement of the upper retaining ring 14a 
with respect to the rod 12a, a lower retaining ring 16a 
around the lower end of the rod 12a and a snap ring 17a 
for limiting upward sliding movement of the rod with 
respect to the lower retaining ring. As an additional 
part the spring comprises a guide ring 25. The lower 
die member 10a is like the lower die member 10\and 
embodies a vertically extending cylindrical open top 
cavity 18a and a bore 19a leading downwards from the 
central portion of the bottom wall of the cavity 181:. 
The upper die member 11a is similar to‘ the upper die 
member 11 except that instead of having an open bottom 
cylindrical cavity it has a ?at bottom surface. The rod 
12a, the washers 13a, the upper retaining ring 14a, the 
snap ring 15a, the lower retaining ring 16a and the snap 
ring 17a are the same as, and function similarly to, 
the corresponding parts of the “Belleville” variety com 
pression spring of Figures 1 to 4, inclusive. The upper 
retaining ring 14a abuts against the flat bottom surface 
of the vertically movable upper die member 11a and 
hence it is not so interlocked with the upper die member 
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as to coact with the lower retaining ring 16a in posi 
tively centering the rod 12a with respect to the cylin 
drical open top cavity 18a and holding the rod against 
lateral displacement. The guide ring 25 surrounds the 
central portion of the rod 12a and it, instead of the 
upper retaining ring 1411, coacts with the lower retaining 
ring 16a in the bottom of the cavity 18a to center the 
rod 12a and to prevent lateral displacement thereof. 
Preferably the guide ring 25 is formed of bronze or like 
material having a comparatively low coefficient of fric 
tion. As shown in Figure 5, the guide ring 25 is inter 
posed between two adjoining pairs of washers and has 
the same external diameter as the lower retaining ring 
16a. The diameter of the center hole of the guide ring 
25 is but slightly greater than the diameter of the rod 
12a in order that the rod is free to slide with respect 
to the guide ring while at the same time the guide 
ring holds the central portion of the rod against lateral 
displacement. The outer periphery of the guide ring 25 
is cylindrical and engages slidably the adjacent portion 
of the side wall of the cavity 18a. 
The compression spring of Figure 5 has the same 

advantages and characteristics as the spring of Figures 1 
to 4, inclusive, and is expressly designed for use when 
the vertically movable upper die member has no open 
bottom cavity for snugly receiving the upper retaining 
ring 14a. 

Compression spring of Figure 6 
The compression spring that is illustrated in Figure 6 ' 

constitutes a third form or embodiment of the invention. 
It is adapted for use with a lower die member 10b and 
an upper die member 1111 and comprises a vertically ex 
tending rod 12b, a series of pairs of oppositely facing 
complemental frusto-conical washers 13b on the rod, an 
upper retaining ring 14b around the upper extremity of 
the rod, a snap ring 15]) for limiting upward displace 
ment of the upper retaining ring 1412 with respect to the 
rod 12b, a lower retaining ring 16h around the lower end 
of the rod 12b, and a snap ring 17b for limiting upward 
sliding movement of the rod with respect to the lower ‘ 
retaining ring 1612. The lower die member 10b is the 
same as the lower die members 10 and 10a and em 
bodies a vertically extending cylindrical open top cavity 
18b and a bore 1% leading downwards from the central 
portion of the bottom wall of the cavity 181). The upper 
die member 1111 is similar to the upper die member 11a 
and has the upper retaining ring 1412 in abutment with its 
?at bottom surface. The rod 12b, the washers 13b, the 
upper retaining ring 1412, the snap ring 15]), the lower 
retaining ring 16b and the snap ring 1711 are the same 
in construction as, and operate similarly to, the corre 
sponding parts of the spring of Figure 5. The spring of 
Figure 6 is the same as the spring of Figure 5 except 
that instead of having a bronze guide ring 25 around the 
central portion of its vertically extending rod it em- ‘‘ 
bodies an integral depending tubular stem 26 on the 
lower retaining ring 1611. The stem ?ts snugly but re~ 
movably in the upper end of the bore 19b and coacts 
with the lower retaining ring 16b to center the rod 121) 
with respect to the cavity 181: and also to hold the rod 
against lateral displacement. The inner periphery of the 
stem 26 is the same in diameter as, and forms a con 
tinuation of, the rod receiving center hole in the lower 
retaining ring 16b. 
The compression spring of Figure 6 has the same ad 

vantages and characteristics as the spring of Figures 1 
to 4, inclusive, and the spring of Figure 5 and is, in effect, 
a modi?cation of the spring of Figure 5 in that it em 
bodies the integral depending tubular stem 26 instead of 
the guide ring 25. 

Compression spring of Figures 7 and 8 

The spring that is shown in Figures 7 and 8 constitutes 
a fourth form or embodiment of the invention. It com 
prises a vertically extending rod 12¢, a series of pairs of 

ill) 

ft) 
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oppositely facing complemental frusto-conical washers 
13c on the rod 12c, an upper retaining ring 14c around 
the upper extremity of the rod, a snap ring 150 for limit 
ing upward displacement of the upper retaining ring with 
respect to the upper end of the rod, 2. lower retaining ring 
160 and a snap ring 17c for limiting upward sliding move 
ment of the lower end of the rod 12c with respect to the 
lower retaining ring, and is the same as the “Belleville" 
variety compression spring of Figures 1 to 4, inclusive, 
except that the washers 13c thereof are under partial 
compression when the spring is in its assembled form 
to the end that the spring is essentially a pre-loaded com 
pression spring. 

The spring of Figures 7 and 8 is designed for use when 
it is desired to obtain a fairly uniform spring force over 
the normal range of vertical movement of the upper die 
member with which the spring is associated. As shown 
in Figure 7 the series of pairs of washers 13c, before 
mounting on the rod 120, is of materially greater length 
than the portion of the rod that is between the bottom 
surface of the upper retaining ring 140 and the snap 
ring 17c for the lower retaining ring 16c. In connection 
with assembly of the spring of Figures 7 and 8 the pairs 
of frusto-conical washers 13c are axially aligned with the 
lower end of the rod 120 after the upper retaining ring 
Mr: is mounted in place but before application of the 
lower retaining ring 160. Thereafter the lower retaining 
ring 160 is placed against the lowermost washer and is 
shifted upwards so as partially to compress the washers 
between it and the upper retaining ring. After the lower 
retaining ring has been shifted upwards past the annular 
groove for the snap ring 17c such snap ring is manipulated 
into place. After the snap ring 17c is in interlocked 
relation with its annular groove in the lower extremity of 
the rod 12c the spring is in completely assembled form and 
the washers 13c are in a partially compressed state. 
The compression spring of Figures 7 and 8 possesses the 

same advantages and characteristics as the spring of Fig 
ures 1 to 4, inclusive, and differs from the last mentioned 
spring only in that the frusto-conical washers thereof are 
under partial compression when the spring is in its nor 
mally extended or expanded position. 

The compression spring of Fig. 9 

The compression spring of Figure 9 constitutes a fifth 
form or embodiment of the invention and comprises a 
vertically extending rod 12d, a series of pairs of oppo~ 
sitely facing complemental frusto-conical washers 13d, 
an upper retaining ring 14d around the upper extremity 
of the rod, a snap ring 1511 for limiting upward displace 
ment of the upper retaining ring with respect to the upper 
end of the rod, a lower retaining ring 16d around the 
lower extremity of the rod 12d, and a snap ring 17d for 
limiting upward sliding movement of the lower end of the 
rod with respect to the lower retaining ring 160’. It is 
the same in design and construction as the compression 
spring of Figures 1 to 4, inclusive, except that some of 
the frusto-conical washers thereof are of one thickness 
and the others are of a different thickness instead of all 
being of the same thickness. As shown in Figure 9 the 
frusto-conical washers constituting the upper half of the 
series of pairs of washers are materially thinner than the 
washers constituting the lower half of the series. As the 
result of this the thin washers, in connection with com 
pression of the spring, compress before the thick washers 
and thus the spring as a whole has two pressure gradients. 
In other words, but a comparatively small compressive 
force is necessary initially to compress the spring and 
then a greater force is required to compress the spring 
to its fullest extent. It is contemplated that if more 
than two pressure gradients are desired certain of the 
washers will be comparatively thin, others will be thicker 
and the remaining washers will be of still greater thick 
ness. it is also contemplated that the thin and thick 
washers, instead of being arranged as shown in Figure 9, 
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may be arranged in oppositely facing pairs, i. e., arranged 
so that there is one thin washer in opposed relation with 
a thick washer. 
The compression spring of Figure 9 has the same ad 

vantages as the spring of Figures 1 to 4, inclusive, and 
differs therefrom only in that the frusto-conical washers 
have different load de?ection characteristics because some 
are of one thickness and some are of a different thick 
ness. 

Whereas the various compression springs constituting 
the invention have been described as being adapted for 
use in connection with coacting die members it is vto be 
understood that they may be employed in other capaci 
ties, that is, with members other than die members. 
It is also to be understood that the invention is not to 
be restricted to the details set forth since these may be 
modi?ed within the scope of the appended claims with 
out departing from the spirit and scope of the inven 
tion. 
Hav-ingthus described the invention what I claim as - 

new and desire to secure by Letters Patent is: 
1. In combination with a pair of opposed coacting 

members, one of which is movable to and from the 
other and the other of which embodies a cylindrical 
cavity in intersecting relation with the surface thereof 
that faces the one member, and also embodies a bore in 
communication with, and leading away from, the cen 
tral portion of the inner end of the cavity, a “Belleville” 
variety compression spring adapted to move the one 
member away from the other member after it has been 
moved toward said other member, disposed for the most 
part in the cavity, and comprising a rod positioned in 
centered relation with the cavity, provided at one end 
thereof with a transversely extending element in abut 
ment with the one member, having its other end extend 
ing into the bore, and adapted in response to movement 
of the one member toward the other member to move 
inwards with respect to the cavity and partially into the 
bore, a retaining ring ?tting snugly but removably with 
in the inner end of the cavity, having said other end ‘of 
the rod extending slidably through its center hole, and 
serving to hold the rod in centered relation with the cavity 
and against lateral displacement, and a series of washers 
mounted on the rod between the transversely extending 
element and the retaining ring, certain of said washers 
being frusto-‘conical, said washers being ‘so proportioned 
that when the spring as a whole is compressed to its 
fullest extend their external diameter is less than the 
diameter of the cavity and hence the outer peripheries 
thereof are at all times out of engagement with the side 
wall of the cavity. 

2. In combination with a pair of opposed enacting 
members, one of which is movable to and from the other 
and the other of which embodies an elongated cylindrical 
cavity facing the one member, and in addition a bore 
in communication with, and leading away from, the 
central portion of the inner end of the cavity, a unitary 
“Belleville” variety compression spring adapted ‘to move 
the one member away from the other member after it 
has been moved toward said other member, disposed 
for the most part in the cavity, and comprising a rod 
positioned in centered relation with the cavity, provided 
at one end thereof with a transversely extending element 
in abutment with the one member, having its other end 
extending into the bore, and adapted in response to 
movement of the one member toward the other member 
to move inwards with respect to the cavity and partially 
into the bore, a retaining ring ?tting snugly but remov 
ably within the inner end of the cavity, having said other 
end of the rod extending slidably through its center 
hole, and serving to hold the rod in centered relation 
with the cavity and against lateral displacement, a series 
of pairs of oppositely facing complemental fr'usto-c'oni 
cal washers mounted on the rod between the transversely 
extending element and the retaining ring, said washersv " 
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being so proportioned that when compressed to their 
fullest extent their external diameter is less than the 
diameter of the cavity and hence the outer peripheries 
thereof are at all times out of engagement with the side 
wall of the cavity, and an abutment forming element 
connected to, and extending laterally from, the outer 
extremity of said other end of the rod and adapted so 
to coact with the retaining ring as to limit sliding move— 
ment of the rod in the direction of said one member. 

3. In combination with a pair of opposed coasting 
members, one of which is movable to and from the other 
and the other of which embodies a cylindrical cavity 
in intersecting relation with the surface thereof that faces 
the one member, and also embodies a bore in communi 
cation ‘with, and leading away from, the central portion 
of the inner end of the cavity, a “Belleville” variety com 
pression spring adapted to move the one member away 
from the other member after it has been moved toward 
said other member, disposed for the most part in ‘the 
cavity, and comprising a rod positioned in centered rela 
tion with the cavity, provided at one end thereof with a 
transversely extending element in abutment with the one 
member, having its other end extending into the bore and 
provided at its extremity with an annular groove, and 
adapted in response to movement of the one member 
toward the other member to move inwards with respect 
to the cavity and partially into the bore‘, a retaining ring 
?tting snugly but removably within the inner end of the 
cavity, having said other'end of the rod extending slid~ 
ably through its center hole, and serving to hold the rod 
in centered relation with the cavity and against lateral 
displacement, a series of washers mounted on the rod 
between the transversely extending element and the re 
taining ring, certain of said washers being frus'to-conical, 
said washers being so proportioned that when the spring 
as a whole is compressed to its fullest extent their exter 
nal diameter is less than the diameter of the cavity and 
hence the outer peripheries thereof are at all times out 
of engagement with the side wall of the cavity, and a 
snap ring having the inner marginal portion thereof 
?tting within said groove and its outer marginal portion 
adapted so to coact with the retaining ring as to limit 
sliding movement of the rod in the direction of said one 
member. 

4. In combination with a pair of opposed coacting inenn 
bers, one of which is movable to and from the other and 
embodies a shallow cylindrical cavity facing the latter 
and the other of which embodies an elongated cylindri 
cal cavity facing, and in coaxial relation with, the first 
mentioned cavity, and also embodies a bore in communi 
cation with, and leading away from, the central portion 
of the inner end of the second mentioned cavity, a “Belle 
ville” variety compression spring adapted ‘to move the one 
member away from the other member after it has been 
moved toward said other member, disposed for the most 
part in the second mentioned cavity, and comprising a rod 
positioned in centered relation with the two cavities, hav 
ing one end thereof disposed in the ?rst mentioned cavity, 
having its other end extending into the bore, and adapted 
in response to movement of the one member toward the 
other member to move inwards with respect to the second 
mentioned cavity and partially into the bore, a ?rst retain 
ing ring extending snugly around said one end of the rod 
and ?tting snugly but r'emovably in the ?rst mentioned 
cavity, a second retaining ring ?tting snugly but removably 
within the inner end of the second mentioned cavity, hav 
ing said other end of the rod extending slidably through 
its center hole, and serving with the ?rst retaining ring to 
hold the rod in centered relation with the two cavities 
and against lateral displacement, a series of washers 
mounted on the rod between the two retaining rings, cer 
tain of said washers being f'r'usto-conical, said washers 
being so proportioned that when the spring as a whole 
is compressed to its fullest extent their external diameter 
is less than the diameter of the second mentioned cavity 
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and hence the outer peripheries thereof are at all times 
out of engagement with the side wall of said second men 
tioned cavity, and an abutment forming element connected 
to the extremity of said other end of the rod and adapted 
upon expansion of the washers after compression of the 
spring so to coact with the second retaining ring as to limit 
sliding movement of the rod in the direction of said one 
member. 

5. In combination with a pair of opposed coacting mem 
bers, one of which is movable to and from the other and 
embodies a shallow cylindrical cavity facing the latter and 
the other of which embodies an elongated cylindrical 
cavity that is of the same diameter as the ?rst mentioned 
cavity and faces, and is in coaxial relation with, the latter, 
and also embodies a bore in communication with, and 
leading away from, the central portion of the inner end 
of the second mentioned cavity, a “Belleville” variety com 
pression spring adapted to move the one member away 
from the other member after it has been moved toward 
said other member, disposed for the most part in the sec 
ond mentioned cavity and comprising a rod positioned in 
centered relation with the two cavities, having one end 
thereof disposed in the ?rst mentioned cavity, having its 
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other end extending into the bore, and adapted in response _ 
to movement of the one member toward the other mem 
ber to move inwards with respect to the second men 
tioned cavity and partially into the bore, a ?rst retaining 
ring extending snugly around, and operatively connected 
to, said one end of the rod and ?tting snugly but remov 
ably in the ?rst mentioned cavity, a second retaining ring 
?tting snugly but removably within the inner end of the 
second mentioned cavity, having said other end of the rod 
extending slidably through its center hole, and serving 
with the ?rst retaining ring to hold the rod in centered 
relation with the two cavities and against lateral displace 
ment, a series of pairs of oppositely facing complemental 
frusto-conical washers mounted on the rod between the 
two retaining rings, said Washers being so proportioned 
that when compressed to their fullest extent their external 
diameter is less than the diameter of the second men 
tioned cavity and hence the outer peripheries thereof are at 
all times out of engagement with the side wall of said 
second mentioned cavity, and an abutment forming ele 
ment connected to, and extending laterally from, the outer 
extremity of said other end of the rod and adapted so to ' ' 
coact with the second retaining ring as to limit sliding 
movement of the rod in the direction of said one member. 

6. In combination with a pair of opposed coacting 
members, one of which is movable to and from the other 
and the other of which embodies an elongated cylindrical 
cavity facing the one member and also embodies a bore 
in communication with, and leading away from, the central 
portion of the inner end of the cavity, a “Belleville” va 
riety compression spring adapted to move the one member 
away from the other member after it has been moved 
toward said other member, disposed for the most part in 
the cavity and comprising a rod positioned in centered re 
lation with the cavity, provided at one end thereof with 
a transversely extending element in abutment with the one 
member, having its other end extending into the bore, and 
adapted in response to movement of the one member to~ 
ward the other member to move inwards with respect to 
the cavity and partially into the bore, a retaining ring ?t 
ting snugly but removably within the inner end of the 
cavity, having said other end of the rod extending slidably 
through its center hole, and serving to hold the rod in 
centered relation with the cavity and against lateral dis 
placement, a series of Washers mounted on the rod be 
tween the transversely extending element and the retaining 
ring, certain of said washers being frusto-eonical, ‘said 
washers being so proportioned so that when the spring as 
a whole is compressed to its fullest extent in connection 
with movement of the one member toward the other mem 
ber their external diameter is less than the diameter of the 
cavity and hence the outer peripheries thereof are at all 
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times out of engagement with the side wall'of the cavity, 
and a guide ring mounted slidably on the central portion 
of the rod, disposed between certain of the washers, having 
its outer periphery in sliding engagement with the side wall 
of the cavity, and serving to assist the retaining ring in 
holding the guide rod in centered relation with the cavity 
and against lateral displacement. 

7. In combination with a pair of opposed coacting mem 
bers, one of which is movable to and from the other and 
the other of which embodies an elongated cylindrical 
cavity facing the one member and also embodies a bore 
in communication with, and leading away from, the cen 
tral portion of the inner end of the cavity, a “Belleville" 
variety compression spring adapted to move the one 
member away from the other member after it has been 
moved toward said other member, disposed for the most 
part in the cavity and comprising a rod positioned in cen 
tered relation with the cavity, provided at one end thereof 
with a transversely extending element in abutment with 
the one member, having its other end extending into the 
bore, and adapted in response to movement of the one 
member toward the other member to move inwards with 
respect to the cavity and partially into the bore, a retain 
ing ring ?tting snugly but removably within the inner 
end of the cavity, having said other end of the rod ex 
tending slidably through its center hole, provided with 
an integral tubular extension ?tting snugly within the bore, 
and serving to hold the rod in centered relation with the 
cavity and against lateral displacement, and a series of 
washers mounted on the rod between the transversely 
extending element and the retaining ring, certain of said 
washers being frusto-conical, said washers being so pro 
portioned so that when the spring as a whole is compressed 
to its fullest extent in connection with movement of the 
one member toward the other member their external di 
ameter is less than the diameter of the cavity and hence 
the outer peripheries thereof are at all times out of en 
gagement with the side wall of the cavity. 

8. As a new article of manufacture, a unitary “Belle 
ville” variety compression spring comprising a rod with 
an annular groove in the extremity of one end thereof, a 
?rst retaining ring extending snugly around said one end 
of the rod and having a counter-bore at the outer end 
of the center hole and normally in surrounding relation 
with the groove, a snap ring having the inner marginal 
portion thereof ?tting in said groove and its outer mar 
ginal portion disposed in the counter-bore and serving 
to maintain the ?rst retaining ring against displacement 
away from the rod, a second retaining ring having the 
same external diameter as the ?rst retaining ring and hav 
ing the other end of the rod extending slidably through 
its center hole, an abutment-forming element connected 
to, and projecting laterally from, the extremity of said 
other end of the rod and adapted to coact with the second 
retaining ring to limit sliding movement of the rod with 
respect to said second retaining ring in a direction toward 
the ?rst retaining ring, and a series of pairs of oppositely 
facing complemental frusto'conical washers mounted on 
the rod between the two retaining rings and so propor 
tioned that when they are fully compressed in connection 
with sliding movement of the two retaining rings towards 
one another their external diameter is less than that of 
said retaining ringsv 

9. As a new article of manufacture, a unitary “Belle 
ville” variety compression spring comprising a rod with 
annular grooves in the extremities of the ends thereof, 
a ?rst retaining ring extending closely around one end 
of the rod and having a counter-bore at the outer end of 
its central hole and normally in surrounding relation with 
the adjoining groove, a snap ring having the inner mar 
ginal portion thereof ?tting in the last mentioned groove 
and its outer marginal portion disposed in the counter-bore 
and serving to maintain the ?rst retaining ring against 
displacement away from the rod, a second retaining ring 
having the same external diameter as the ?rst retaining 
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ring and having the other end of the rod extending slid 
ably through its center hole, a snap ring having the inner 
marginal portion thereof ?tting within the groove in the 
extremity of said other end of the rod and its outer mar 
ginal portion adapted to coact with the second retaining 
ring to limit sliding movement of the rod with respect 
to said second retaining ring in a direction towards the 
?rst retaining ring, and a series of pairs of oppositely 
facing complemental frusto-conical washers mounted on 
the rod between the two retaining rings and so propor 
tioned that when they are fully compressed in connection 
with sliding movement of the two retaining rings towards 
one another their external diameter is less than that of 
said retaining rings. 

10. As a new article of manufacture, a unitary “Belle 
ville” variety compression spring comprising a rod, a 
laterally enlarged element connected to one end of the 
rod so that it is maintained against displacement away 
from the rod, a retaining ring having the other end of 
the rod extending slidably through its center hole, an -' 
abutment-forming element connected to, and projecting 
laterally from, the extremity of said other end of the rod 
and adapted to coact with the retaining ring to limit slid 
ing movement of the rod with respect to said retaining 
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ring in a direction towards the enlarged element, and a 
series of washers mounted on the rod between the enlarged 
element and the retaining ring, certain of said washers 
being frusto-conical, said washers being so proportioned 
that when the spring is fully compressed by movement 
of said enlarged element and the retaining ring towards 
one another their external diameter is less than that of 
said retaining ring, and a guide ring mounted slidably 
on the rod between certain adjoining washers and having 
the same external diameter as the retaining ring. 
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