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FLAT ELEMENT SPRING 

BACKGROUND OF THE INVENTION 

Many attempts have been made to design a long 
travel spring with a very low spring constant and which 
takes up small volume in storage. One such spring is the 
coiled wire torsion spring which is comprised of a plu 
rality of coaxial, parallel coils intermediate the free 
ends of the spring. The free ends are in substantially 
parallel planes and extend transversely to the longitudi 
nal axis of the coils. The spring is loaded by exerting a 
lateral force on the ends in opposite directions about 
the longitudinal axis. This type of spring has the ability 
to reduce the spring constant by adding coils. However, 
the more coils added. the more space required. The ad 
dition of more coils contribute eccentricities and mis 
alignment because the coils when loaded become mis 
aligned. 
Another approach to a spring having long travel with 

a low spring constant, and one which takes up small 
volume in storage, is the bent strip spring. This spring 
is comprised of a single leaf which is bent in the middle 
so that the ends of the leaf are extended in the same di 
rection at a predetermined angle between the extend 
ing portions of the leaf (30°-60°. for example), in its 
free position. The extending portions are disposed in 
substantially parallel relation in the loaded position. 
While eccentric loading problems are solved by this ap 
proach, the small radius, formed at the bend, during 
manufacture causes stress concentration at the bend. 
The small radius also adds to the height in the loaded 
position. Other attempts, such as the thin gage coil 
spring, the flat coiled spring element. etc., have been 
resorted to, but for various reasons fail to provide a 
long travel spring having desired features such as a very 
low spring constant and small volume in storage. 

SUMMARY OF THE INVENTION 

The invention described herein has the desirable 
characteristics mentioned above. The invention is a flat 
element spring formed by joining two formed heat 
treated metal strips together at corresponding ends 
thereof. Each strip includes a pair of substantially hori 
zontally extending end portions disposed in parallel 
planes and an intermediate portion in angular relation 
to the end portions. The spring element is formed by 
joining corresponding ends of each leaf together so that 
the intermediate portion of each leaf extends in the 
same direction away from the joined ends in predeter 
mined angular relation between the intermediate por 
tions. The free ends of each leaf are positioned in paral 
lel relation. The spring element may be combined with 
a plurality of other similarly formed spring elements to 
obtain many different configurations for different ap 
plications. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a pictorial view of the spring element of the 
present invention in free position. 
FIG. 2 is a view of the spring element of FIG. 1 in 

loaded position. 
FIG. 3 is a pictorial view of a pair of spring elements 

in stacked relation. 
FIG. 4 is a view of another combination utilizing four 

of the spring elements. 
FIG. 5 is a pictorial view of another combination uti 

lizing six of the spring elements. 
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FIG. 6 is‘ a pictorial view showing a combination of 

spring elements which will yield both axial and rota 
tional motion. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENT 

As shown in FIG. I, a ?at element spring 10 is com 
prised of a pair of formed heat-treated metal strips 12 
and 14. Each strip includes an intermediate portion 16 
disposed in angular relation with a pair of end portions 
18 and 20. End portions 18 and 20 are disposed in par 
allel relation. A small radius r is formed at the juncture 
of the end portions with the intermediate portion. The 
spring element 10 is formed by joining each strip at cor 
responding ends 20, as by welding. etc. Intermediate 
portions I6 of each strip is disposed in angular relation 
with respect to one another, and end portions 18 of 
each strip are in parallel relation when the spring ele 
ment is in the free position (FIG. 1). 
FIG. 2 illustrates the spring element in its loaded po 

sition wherein the intermediate portions 16 and end 
portions 18 are in substantially parallel relation. 
The ?at spring of the present invention overcomes 

most of the problems relating to other spring designs. 
The travel is increased and the rate reduced by increas 
ing the span d. As the spring is ?exed it puts the weld 
in tension. The stress concentration is low owing to the 
rolling action of the spring layers. The storage volume 
need be only large enough to house the ?at stacked 
height of the spring elements. 
The spring elements may be combined in many con 

figurations to provide greater travel. Each spring leaf 
gives d/2 inches of travel but the stacked height spring 
force is the same, no matter how many elements are 
used. 
One con?guration using a pair of spring elements is 

shown in FIG. 3 wherein a pair of spring elements are 
arranged in stacked relation. Like numerals refer to 
like portions of each spring element. The second (addi 
tional) spring element is identified by the numeral 22. 
The ?rst spring element 10 is joined to spring element 
22 at the free ends 18 of the spring elements. Ends 20 
of the spring elements extend in parallel relation in a 
direction opposite to the direction in which ends 18 ex 
tend. 

FIG. 4 illustrates another configuration utilizing four 
spring elements identified by the numerals I0, 22, 24, 
and 26. Like numerals refer to like portions of each 
spring element. In this con?guration free ends 18 of 
each spring elements are joined as discussed in the con 
figuration shown in FIG. 3. However, additional spring 
elements 24 and 26 similar to elements 10 and 22 are 
joined to elements 10 and 22 at the free ends 18 and 
are disposed in apposition to elements 10 and 22. If de 
sired, the free ends 18 may be a portion of spring ele 
ments l0 and 22, respectively and spring elements 22 
and 26, respectively. 
An additional configuration is shown in FIG. 5 

wherein like numerals refer to like portions of each 
spring element. This con?guration utilizes six spring el 
ements identified by the numerals 30, 32, 34, 36, 38, 
40. Spring elements 30, 34, and 38 are joined at the 
upper ends 18 by an annular member 46 and at the 
lower ends 18 by annular member 48. Lower spring el 
ements 32, 36, and 40 are stacked beneath the upper 
spring elements 30, 34, and 38 and are joined at their 
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upper ends 18 to circular member 48 and at their lower 
ends 18 by a circular member 50. 

FIG. 6 discloses a combination of spring elements 
which yield both axial and rotational motion. Like nu 
merals refer to like portions of each spring element. As 
shown in FIG. 6, a spring element 52 is formed by join 
ing a pair of metal strips 12 and 14 together at ends 58 
and 60, respectively, and having their opposite ends 62 
and 64 extending in opposite directions. Ends 62 and 
64 are secured to a pair of discs 54 and 56, respec 
tively. which are in spaced parallel relation. Two other 
pairs of strips 66 and 68 are connected between discs 
54 to complete spring element 52. These strips are 
identical to that strip formed by strips 12 and 14. As is 
obvious from a consideration of FIG. 6, discs 54 and 56 
can be moved toward and away from each other and 
there can be relative rotation between the two discs. 

I claim: 
1. A spring comprising a plurality of spring elements, 

each element including a pair of leaves having corre 
sponding ends secured together, each leaf having an in 
termediate portion and a free end, said intermediate 
portions disposed in angular relation with respect to 
one another and extending in the same direction away 
from the secured ends, said free ends disposed in sub 
stantially parallel relation for spring action therebe 
tween, a first pair of said plurality of spring elements 
disposed in stacked relation, a first free end of the first 
of said first pair of spring elements secured to a first 
free end of the second of said ?rst pair of spring ele 
ments, the second free ends of each said spring element 
disposed for spring action therebetween; and a second 
pair of spring elements disposed in stacked relation, the 
free ends of the first of said second pair of spring ele 
ments secured to the free ends of the second of said 
second pair of spring elements. 
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2. A spring comprising a plurality of spring elements, 

each element including a pair of leaves having corre 
sponding ends secured together, each leaf having an in 
termediate portion and a free end, said intermediate 
portions disposed in angular relation with respect to 
one another and extending in the same direction away 
from the secured ends, said free ends disposed in sub 
stantially parallel relation for spring action therebe 
tween, said spring including the first of three of said el 
ements disposed in substantially equally spaced circu 
lar relationship, the first of said free ends of each of 
said first three elements secured to a first circular mem 
ber, a second of three pairs of said elements disposed 
in substantially equally spaced circular relationship, the 
first of said free ends of each of said second three ele 
ments secured to said second circular element, a third 
circular disc having the second said free ends of each 
of said second three elements secured thereto, said cir 
cular members being mounted in substantially parallel 
relation for spring action therebetween. 

3. A spring disposed to yield axial and rotational mo 
tion comprising a pair of discs disposed in spaced paral 
lel relation, a first plurality of leaf spring members hav 
ing first and second ends, the first end secured in sub 
stantially equally spaced relation on the edge of the 
first of said pair of discs, a second plurality of leaf 
spring members having first and second ends, the first 
end secured in substantially equally spaced relation on 
the edge of said second disc, the second end of each 
spring member being secured together. 

4. A spring as in claim 3 wherein said leaf spring 
members include ?rst and second ends disposed in par 
allel relation and an intermediate portion formed be 
tween said ends in angular relation therebetween. 
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