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5 Clams. 

Our invention relates to means for mounting 
delicate equipment, particularly in airplanes, to 
isolate such equipment from any vibration which 
may exist at the supporting structure. Vibra 
tion isolators, in general, are well known and 
may be described briefly as a resilient means 
for supporting the equipment. It may be de 
termined from the theory of vibration isolation 
that it is required that the natural frequency of 
the equipment upon the isolators must be sub 
stantially lower than the frequency of the vil 
bration which is to be isolated. 
An equipment mounted upon resilient mounts 

has a natural frequency, and the motion of the 
equipment may become excessively large at reso 
nance; i. e., when the vibration to be isolated oc 
curs at the natural frequency of the equipment 
upon the isolators. It is an object of our in 
vention, therefore, to provide a vibration isola 
tor with a large damping capacity in order to 
prevent excessive excursion of the mounted 
equipment when operating at or near its reso 
nant frequency. 
Another object of our invention is to provide 

a vibration isolator whose natural frequency re 
mains constant independently of the load ap 
plied to the isolator. This is advantageous when 
the weight or weight distribution of the mount 
ed equipment has not been accurately predeter 
aired or when it varies from time to time. 
A further object of Our invention is to provide 

a vibration isolator which will remain opera 
tive at extremely high and low temperatures. 
This requires the use of a resilient load-support 
ing element which remains operative throughout 
a wide temperature range and damping means 
which provides adequate damping at all tem 
peratures. , 
Other objects and advantages of our inven 

tion will become apparent from the following 
detailed description and accompanying draw 
ings in which: 

Figure 1 is a plan view of the isolator. 
Figure 2 is a Section on line 2-2 of Figure 1 

showing the isolator in a position of mean de 
flection. 

Figure 3 is a view similar to Figure 2 showing 
the isolator in a position of greatest deflection. 

Figure 4 is a view similar to Figure 2 showing 
the load-carrying spring in an inverted position. 

Figure 5 is a load-deflection curve for a spring 
whose natural frequency remains constant at 5 
cycles per second independently of load from 
0.25 to 0.5 lb. 
As illustrated in Figures 1 and 2, the isolator 
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2 
includes an outer retaining cup O and a bases 
plate attached together by means of eyelets 
3 which embody central holes 4 for attach 
ment of the isolator to a supporting structure. 
A shallow positioning cylinder 6 is attached to 
the base plate at its center. A volute spring 

is Supported by the base plate... and nests 
within the positioning cylinder 6... A central 
core extends downwardly through the open 
ing 20 in the top wall 22 of the retaining cup 
and has a pilot 23 which, nests in the upper coil 
of the volute Spring 27. The core 9 has rigidly 
attached thereto a flat upper washer 25, and a 
done-shaped lower washer 26. The opening 20 
in the upper wall of the retaining cup is en 
circled by a rubber gromnet 28 attached to the 
retaining cup 0. The central core 9 is tapped 
for attachment of the mounted equipment. The 
lipper (25) and lower (26) washers are larger 
than the opening 20 in the retaining cup so 
that the mounted equipment is made captive; 
that is, it cannot escape from the supporting 
structure in the event of failure of the resilient 
parts of the isolator. : : : : ? 
The volute spring fT is positioned within an 

enclosure formed preferably by a thin-walled, 
Sphere-like member 30 made from rubber or 
other resilient material. A. boot 31 which sur 
rounds and forms a part of the upper rim of the 
Sphere-like member 30 fits around the periphery. 
of the lower washer 26 and forms an airtight 
90nnestion therewith. An integral, peripheral 
flange 33 at the lower edge of the resilientmem 
per is held in contact with the base plate 
by a clamp plate 84 interposed between the out. 
retaining cup f and the base plate and 

held in position by the eyelets 3. The spring 
is thus contained within a flexible enclosure 

which is airtight except for a small aperture 
in the lower washer 26. . . . . . . . 
As the isolator is deflected downwardly from 

the position shown in Figure. 2 to the position 
shown in Figure 3, the volume contained within 
he rubber member 30 is decreased. some of 
the air within the enclosure is thus expelled 
through the aperture 36. In a similar manner, 
when the isolator is deflected upwardly, the vol. 
une within the rubber member 30 is increased 
dair is drawn inwardly through the aperture 

8. The force applied to the mount is used part 
ly to deflect the spring 7 and partly to expel the 
air through the aperture 36. The energy used 
to deflect the spring is stored in the spring andi 
returned to the mounted body when the spring 
is restored to its initial length. The energy used 

  



. 3 
to expel the air from the enclosure becomes lost, 
however, and is not returned to the mounted 
equipment when the isolator is restored to its 
initial position. This loss of energy functions to 
limit the amplitude of vibration of the mounted 
equipment when operating at its resonant fre 
quency. 
The natural frequency of a body supported by 

a resilient element depends upon the relation 
existing between the stiffness of the resilient ele 
ment and the mass of the supported body. If the 
stiffness of the resilient element is constant, in 
dependently of deflection, the natural frequency 
of the system decreases as the mass of the 
mounted body increases. The frequency can be 
maintained constant, however, if the stiffness in 
creases proportionately to the applied load. The 
load-deflection curve shown in Figure 5 illus 
trates the required characteristics in order to 
maintain the natural frequency constant at 5 
C. P. S. for any load between 0.25 lb. and 0.75 lb. 
In a volute spring, the outer coils are more flexi 
ble because they are colls of larger diameter. 
When these outer coils become inactive, the stiff 
ness of the spring increases because the remain 
ing active cois are fewer in number and smaller 
in diameter. The volute spring, therefore, has 
a stiffness which increases with load because the 
outer coils successively bottom upon the support 
ing surface and become inactive as the deflection 
increases. By proper choice of the radii of the 
various coils and the helix angle which deter 
mines the rate at which the height of the 
spring increases, a spring may be designed 
with the characteristics shown in Figure 
5. These characteristics are desirable where 
the exact load on each isolator has not been 
predetermined or where the weight distribution 
of the mounted body changes from time to time. 

Figure 4 shows a modified form of the isolator 
in which the volute spring 37 is arranged with 
its larger coils at the top. As deflection of the 
isolator takes place, the larger diameter coils 
bottom upon the washer 89 which is attached 
to the central core 0. 
The accompanying drawings illustrate the pre 

ferred form of the invention, although it is to 
be understood that the invention is not limited 
to the exact details of construction shown and 
described, as it is obvious that various modifica 
tions thereof, within the scope of the claims, will 
occur to persons skilled in the art. 
We claim: 

1. A vibration isolator comprising a main re 
silient member for carrying the load and an en 
closure member for said main resilient member 
forming a chamber about it, said enclosure men 
ber having a resilient side wall which is Syn 
metrical with respect to the vertical axis of the 
main resilient member and which is spaced out 
wardly a substantial distance from the main re 
silient member throughout substantially its en 
tire length, said enclosure member being sub 
stantially impervious to air except for a relatively 
small aperture, whereby air is caused to flow 
through said aperture upon deflection of said 
main resilient member and thereby causes damp 
ing to prevent excessive excursion of the mounted 
equipment without frictional engagement be 
tween said outwardly spaced side wall of the en 
closure member and the main resilient member. 

2. A vibration isolator comprising a main re 
silient member for carrying the load and an en 
closure member for said main resilient member 
forming a chamber about it, said enclosure men 
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ber having a resent side wall which is syn. 
metrical with respect to the vertical axis of the 
main resilient member, which is spaced out 
Wardly a substantial distance from the main re 
silient member throughout substantially its en 
tire length and which is provided with an out 
wardly convex portion intermediate its ends, 
said enclosure member being substantially in 
pervious to air except for a relatively small aper 
ture, whereby upon deflection of said main re 
silient member said outwardly convex portion of 
the side wall of the enclosure member is also de 
flected and air is caused to flow through said 
aperture, thereby causing damping to prevent 
excessive excursion of the mounted equipment 
without frictional engagement between said out 
wardly spaced side wall of the enclosure mem 
ber and the main resilient member. 

3. A vibration isolator comprising a single 
main resilient member for carrying the load, an 
enclosure member for said main resilient men 
ber having a resilient side Wall and a riigid top 
wall and forming a chamber about the main re 
silient member, said side wall being symmetrical 
with respect to the vertical axis of the main re 
silient member and spaced outwardly a sub 
stantial distance from the mai“resilient mem 
ber throughout substantially its entire length, 
the upper end of said enclosure side Wall being 
attached to said rigid top wall, a mounting stud 
attached to said top wall and being adapted to 
transmit the load to the upper end of the main 
resilient member, said enclosure member being 
substantially impervious to air, sad top wall hav 
ing a relatively small aperture, whereby air is 
caused to flow through said aperture upon de 
flection of said main resilient member and there 
by causes damping to prevent excessive excursion 
of the mounted equipment without frictional en 
gagement between said outwardly spaced side 
wall of the enclosure member and the main re 
silient member. 

4. A vibration isolator comprising an outer Cup 
having an opening in the top thereof, said cup 
being adapted to be secured to a supporting 
structure, a single coil spring disposed Dith 
in said cup for carrying the load, a stud ea 
teading through said opening, said statd tap 
ing a cross section substantially smaller than 
said opening, the pertical dacis of said stud 
being substantially in alignment Dith the era 
tica acis of said spring and said spring resti 
ently supporting said stud, and an enclosure 
member for said spring forming a chamber about 
it, said enclosure member having a resilient side 
Dall phich is symmetrical 2Dith respect to the 
vertical ancis of said spring and 2Dhich is spaced 
outwardly a substantial distance from said 
spring throughout substantially its entire length, 
said enclosure member being substantially in 
perpious to air eccept for a relatively Small aper 
ture, ohereby air is caused to foup through said 
aperture upon deflection of said spring and 
thereby causes damping to prevent eaccessive eac 
cursion of the mounted equipment Dithout fric 
tional engagement betaDeer said outabardly 
spaced side Dal of the enclosure member and 
said spring. 

5. A vibration isolator comprising an outer 
cup having an opening in the top thereof, said 
cup being adapted to be secured to a supporting 
structure, a coil spring disposed Dithin said Cup 
for carrying the load, a stud eacteriding through 
said opening, said stud having a cross section 
substantially smaller that the opening, the per 

  

  



5 
tical aris of said stud being substantially in 
alignment with the vertical aacis of said spring 
and said spring resiliently supporting said stud, 
and an enclosure member for said Spring form 
ing a chamber about it, said enclosure member 
having a resilient side wall which is symmetrical 
twith respect to the vertical acis of said spring 
and Dhich is spaced outwardly a substantial dis 
tance from said spring throughout substantially 
its entire length, the outermost surface of the 
side wall of said enclosure member being spaced 
a short distance from the inner surface of the 
side wall of the cup under normal operating con 
ditions but impinging upith said inner surface 
upon lateral movement of said stud, said en 
closure member being substantially imperious 
to air eccept for a relatively small aperture, 
whereby air is caused to flow through said aper 
ture upon vertical or horizontal defection of said 
spring and thereby causes damping to pretent 
eaccessive eaccursion of the mounted equipment 
upithout frictional engagement between said out 
Dardly spaced side wall of the enclosure men 
ber and said spring. 

6. A vibration isolator comprising an outer cup 
having an opening in the top thereof, said cup 
being adapted to be secured to a supporting struc 
ture, a single coil spring disposed upithin said cup 
for carrying the load, a stud eartending through 
said opening, said stud having a cross Section sub 
stantially smaller than the opening, the tertical 
arcis of said, studi being substantially in alignment 
oith the vertical acts of said spring and said 
spring resiliently supporting said stud, an en 
closure member for said spring forming a cham 
ber about it and a rigid flange on said stud located 
urithin the casing and being larger tham said 
opening whereby it limits vertical movement of 
said stud upwardly through said opening, said en 
closure member hating a restlient side Dall Dhich 
is symmetrical with respect to the vertical acis 
of said spring and uphich is spaced OutDardly a 
substantial distance from said spring throughout 
substantially its entire length, said enclosure 
member being substantially impervious to air 
eaccept for a relatively small aperture, whereby 
air is caused to foup through said aperture upon 
vertical deflection of said spring and thereby 
causes damping to prevent eccessive eaccursion of 
the mounted equipment Dithout frictional en 
gagement between said outwardly spaced side 
all of the enclosure member and said spring. 
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7. A vibration isolator comprising an outer cup 

having an opening in the top thereof, a single 
main resilient member disposed within said cup 
for carrying the load, a stud eactending through 
said opening, said stud having a cross section 
substantially smaller than said opening, the verti 
cal aa is of said stud being substantially in align 
ment upith the vertical aris of said main resilient 
member and said main resilient member support 
ing said stud, and an enclosure member for said 
main resilient member forming a chamber about 
it, said enclosure member having a resilient side 
tail which is symmetrical Dith respect to the per 
ticat acis of said main resilient member and 
Dhich is spaced outwardly a substantial distance 
from said main resilient member throughout sub 
stantially its entire length, and which is provided 
tith an outwardly convec portion intermediate 
its ends, the outermost surface of said outwardly 
contea portion of said enclosure member being 
spaced a short distance from the inner surface of 
the side Dall of the cup under normal operating 
conditions but impinging with said inner surface 
upon lateral movement of said stud, said er 
closure member being substantially impervious 
to air eaccept for a relatively small aperture, 
uphereby air is caused to flou through. Said aper 
ture upon deflection of said main resilient mem 
ber and thereby causes damping to present eac 
cessive eaccursion of the mounted equipment with 
out frictional engagement between said outcard 
ly spaced side uail of the enclosure member and 
the main resilient member. 

FRANK LAMBERT, JR. 
CHARLES E. CREDE. 
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