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To all whom it may concern : 
Be it known that I, LUc L?oN BAsrLn 

DENIS, of 135 Boulevard de" Ménil?nontant, 
in the city of Paris, Republic of France, 
have invented an Improved Metal Spring, of 
which the following is a full, clear, and ex 
act description. D 
The present invention relates to a spring 

which by reason of its special construction 
possesses great elastic power for a minimum 
quantity of material. . 
This spring is formed from wire or metal 

rod of any convenient cross-section bent on a 
?at or conical surface to form the outline 
of a conventional star, the radiating arms of 
which are subjected to torsional stresses 
when the exterior and interior supporting 
Planes are moving together or apart. 
By way of example, the present invention 

is illustrated in the accompanying drawing 
in which: 

Figure 1 is a plan of a spring made in 
accordance with the present invention. Fig. 
2 is a vertical section taken on the line A-A, 
Fig. 1. Fig. 3 shows a modified form here 
inafter referred to. 
As shown in the drawing (Fig. l) my im 

proved spring is formed from Wire or meta 
rod a of any suitable cross-section, bent in 
such a manner that in its entirety it has the 
contour of a Star-shaped ?gure with dou 
ble arms. This Star-shaped ?gure may be 
formed on a ?at surface or, preferably, on a 
conical surface as shown in Fig. 2 of the 
drawing, so that a loading pressure exerted 
on the interior circumference and a support 
ing reaction exerted on the eXterior circum 
ference, produce a de?ection or yielding of 
the interior parts of the conical Star-shaped 
?gure until the latter is ?attened out or in 
verted. 
The elastic force of the spring results from 

the symmetrical torsion, in the direction in 
dicated in the drawing by arrows, of the con 
secutive members b, 0 and d, e; bl, 01 and 
di, 61; etc.,which form the arms of the Star. 
It follows that the transverse members Z), d; 
c, 61; etc., serve as Connecting or tie-pieces 
uniting in pairs the extremities of the radi 

forming the arms of the star. 
The point of junction of the two extre?ni 

ties of the Wire or metal rod a forming the 
spring is arranged in one of these interior 
or exterior transverse members. The two 

' extremities of the wir-e or .rod are supported l 

Speci?cation of Reissued Letters Patent. Reissued Mar. 17, 1914_ 

dated November 14, 1911, Se?'ial No. 475,904. Application for reissue ?led November 
6, 1913. serial No. 799,619. 

in alinement by means of a sleeve f or by 
any other convenient means. In the ar 
rangement shown in Fig. 1, this union is 
made m one of the interior transverse mem 
bers._ The modi?ed arrangement illustrated 
in F?g. 3 shows this point of junction in one 
of the 'exterior transverse members of a pair 
of arms. i 
_ In order to take account of the multiplic 
ity of forces and of the dimensions of the 
improved spring, it will be useful to set out 
?ts geometrical properties the principal of 
which are as follows: 1. For the same exte 
r?or and interior diameters, and for the same 
deflection (or movement in the direction of 
the aXis of the spring), the angle'through 
which each active member b, c; d, e; etc., 
is bent is smaller as the number of the said 
members is increased, or inversely, the de 
?ection, for a given force, increases with the 
number of the said active members. 2. The 
limitin angle of torsion before deformation 
or brea ing of the spring increases with the 
length of the active members b, 0,' d, e; etc. 

v 3. The strain which can possibly be obtained 
before such deformation or rupturedepends 
solely on the diameter of the wire or metal 
rod and on the length of the active mem 
bers; it is independent of their number. 
From the above it will be understood that 

by selecting and combining in a suitable 
manner the diameter of the Wire or metal 
rod a, and the length and the number of the 
arms of the Star-shaped form, numerous 
types of Springs can be produced which can 
be put to many and divers uses. Moreover 
the improved spring which in use is sub 
jected to torsional stresses, possesses, as do 
coiled Springs similarly subjectcd to tor 
sional stresses, a very great resiliency or 
elastio power in proportion to the weight 
of material employed. The inert parts d, 
b; c, 61, etc., in practice can be reduced to a 
minimum with respect to the active mem 
bers, so as to obtain maximum utilization of 
the elastic material. 
The improved spring as has been stated 

hereinabove can be put to numerous uses. 
It can for example be applied to lateral re 
action elastic wheels, and used in cases where . 
clasticity over a large surface is necessary. 
The arrangements hcreinabove Set forth 

are given only by wayof example, the forms, 
dimensions, and details of arrangement can 
be varied to meet the needs of particular 
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applications, without departing from the 
principle of my present invention. 

Claims: 
1. A spring formed from a rod of metal 

bent into Star-shape withidouble arms, the 
side members of which are straight and in 
cline upwardly and inwardly, whereby a' 
conica?l torsional spring is produced. 

2. A spring formed of a single piece of 
wire bent into Star-shape with double arms 
having its ends united in one of the connect 
ing portions of said arms, the side members 
of the arms being straight and inclined up 
wardly and inwardly. 

3. A spring comprising a ring-like body 
and a plurality of arms proje'cting from said 
body, the whole beingformed from a single 
piece of wire having its ends united and 
each arm including two side members lying 
in the same plane, the outer ends of said 
arms and said ring-like body being rela 
tively movable in the direction oif the axis 
of said ring-like body when said spring is 

. in use and said movement being resisted by 
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torsional stresses set up in the portions of 
the wire forming the side members of said 
arms. . 

4:. A spring formed of a single piece of 
wire bent into stai' shape with double arms, 
said wire having its ends united in one of V 
the Connecting portions of said arms, the 
two side members of each of said arms lying 
in the same p?lane and all of said members 
being subjected to torsional stresses upon a 
relat?ve movement of the inner and outer 
ends of said arms in a direction of the aXis 
of the Star-shaped spring. ' 

5. A spring formed of a single piece of 
wire bent into star shape with- double ar?ns 
having its ends united in one of the- con 
necting portions of said arms, the side mem 
bers of said arms being substantially 
straight, and the opposite ends of said arms 
being adapted to engage with bodies rela 
tively movable in the direction of the aXis 
of said star, said movement being resisted 
by resulting torsional stress to which the 
side members of said arms are subjected! 

6, A spring formed from a rod of metal 
bent into star shape with double arms, the 
side members of which are substantially 
straight and the opposite ends of said arms 
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being adapted to engage with bodies rela 
tively movable in the direction of the aXis 
of said Star, said movement being resisted 
by resulting torsional stress to which the 
side members of said arms are subjected. 

7. A spring including a plurality of sub 
stantially straight rods, each rod having 
portions integral therewith at opposite ends 
and at an angle thereto and at an angle to 
each other, the portions at one end of all of 
said rods lying in one plane and the portions 

_ at the opposite ends of all of said rods lying 
in a plane, said rods being subjected to tor 
sional stresses upon a relative movement of 
one set of end portions toward and from 
the plane of the other set of end portions, 
the oppositely acting forces being applied' 
at the ends of said rods'. 

8. A spring including a plurality of sub 
stantially, straight and substantially radi 
ally disposed rods, each rod being connected 
to one adjacent rod at the inner end and to 
the other adjacent rod at the other end, the 
inner ends of all of said rods being disposed 
in one plane and the outer ends of all of said 
rods being disposed in another plane, the 
opposite ends of said rods being adapted to 
engage with bodies relatively movable in 
the direction of the aXis of the spring, said 
movement being resisted by the resulting 
torsional stress to which said rods are sub 
jected., , , 

9. A spring including a plurality of sub 
stantially straight and substantially radially 
disposed rods, each having portions integral 
therewith at opposite ends and at an angle 
thereto and at an angle to each other, the 
angular portions at the inner ends of all 
of said rods being disposed in one plane 
and the angular portions at the 'outer 
ends of all of said rods being disposed in 
another plane, the opposite ends of said 
rods being adapted to engage with separate 
bodies relatively movable in the direction 
of the aXis of said spring, said movement be 
ing resisted by the resulting' torsional stress 
to which said rods are subjected. 

LUo LEON BASILE DENIS. 
Witnesses: . 

HANsoN G. Coxn, 
GEoRGEs CHARLES CoQUnT. 

Copies of this patent may be ohtaine? for ?ve cents each, by add?'e'??ing the " Conimi??lonet of r?te?š?. 
Washington, I). c." ` ' ' 
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