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1 L :

My invéntion rélates to cushion mountings for
sensitive apparatus subjected .to sévere shocks
and vibrations and it la$ for its object to provide
an improved cushion mounting. having. a large
amount of flexibility along threée mutually per-
pendicular axes.
" Another object .of my 1nvent10n i to prov;de
-an improved cushion mounting for appafatis,
subjected to. exciting vibrations having &-given
frequency range, in which the resonant fie-
quency. of the mounting and supported -appara-
tus is maintained considerably lowér than - the
frequency of the excitirig -vibrations by catising
the static deflecting force 6f thé Hiass of the
apparatus to 56t -up shedr stresses in a res1hent
supportihg member.

A further object of my“—inventi‘eﬁ 1§16 provide
an 1mproved cushron mountmg in Wthh the r -

ing stressés in all planes throughout ) prrmary,
range of deflection and to ¢compressional stresses
throughout a secondary range of deflection:

The features of miy iiveation which I believe
to be novel are set forth with partmulanty in

the appended claims. My inventiofi itself, how<
evér, both as to its organization-and thethod of-
operatiorn, together with further objects and ad:
vantages theréof, may Best be undetstood by ref-
erence to the followmg'descrlptmn ‘taken ih ¢oh

In the drawmgs, Fig: 1- represents a cushron :
moiinting dceording to my invention; F1g 2-is
a -modification of the mounting shown in Flg 1;
Fig. 3 is a portion” of a side eleévational viéew of
4 modification-of the mounting of Fig. 2; Fig. 4
is a sectional elevation view along the line &==4'
of Fig. 3; Fig. 5 is a sectional view along the
line 5—5 of Fig. 4; Fig. 6 is a sectional elevation
viéw- of the mountmg of Fig. 3 along the lines
6-—8; and Fig. 7 is a-sectional view of the mount.
ing along the lines T-=T of Fig: 6.

Referring to Fig. 1, I Have shown a member
10° which is supported by a fixed supporting
means {f.: The member- i may comprise any
sensitive apparatis, such ds'a radio equipment,
and the supporting means- i1 may be subjected
to undesirable vibrations and- sudden impulse
shocks. In order to- prevent these vibrations
fromi being imparted to the- member 18, 2 pair
of transverse resilient members 12 dnd 13 dre
interposed between the member 10 and the sup-
potting means #1. The resilient membeérs 12 and
13 may comprise circular rubber blocks or pads.
The. rubber meimber 12 is: secured in any Well
khown: mahner, as by bonding during vileaniza-
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> to supporting:block ‘I,

whigh is i threaded engagement with cooperat-

ing tliredds in thé supporting block 1f. A lock
nut 15 is provided rigidly to secure the stud 14
The outer edges of the
gitéular washer 12 aré similarly bonded by vul-
caiization t6 the innér surface of a cylindrical
mietal member 18, A second cylindrical metal
misiiber 171 48 attdched to the apparatus 10 by
widans of screws 18 and isspaced from the uppér
surface of metal cylinder {6 by means of a rub-
beiblock . 13; - Block I3; similar to rubber mem-
ber 12, is boiided to the upper surface of cylinder
{6 and tke indér surface of cylinder {1.

1t i well knéWwn that when o mass is supportéd
By & resilient; feember, the madss cduses a certain
defiection -ifi: the resilient mounting and - the
amount of this deflection can be used to c¢alcu~
" the resohant frequency of the system.  For
en miuss; the relationship is substantially
‘and- as the magnitude of the initial de-
flection increases, the resonant frequéncy of the
systent decreases, Ihis also known that thé am-
plitutie of vibfation for stich a system is greatest
when the fre(;'uency of an excitinig vibration is
{1ié résorant freg ‘of the: systemr. For ex-
cmﬁg vibratiois 6f 3 ] eq F greatér than the
résotiant frequency of the System, the amphtude
of vibratiofi of the. system dfops ¢ff and may
becore eotigiderably ginalier than that of the
exeitifig vibration.

o the- mregemg it is seen: that, in- order
to protéct: & system agams’o v1brat10ns over a
given' fréqueiicy range | it7i§ degifable to have the
réSofarit fréquency of the system cons1derably
lower than: the loWest: frefuency of that range
SO that the amphtude-o’ Vibration of the Systein
at this lowest fiequisicy is' riot. gréater than that
of theé eéxeiting 8 #nd . is cohsiderably 1e&s8
than tHé Righer freédifericies ih the rangé.

T o¥dér that the résorisnt fregiisricy of the
sys’aem (shown m Flg, 1) may bé kebt below a

he resilient members
I2 i§ subJected to shear-'

member I3 is- subJected to sbearmr stresses by
foreés in- all horlzontwl élrecﬁrons THe eoiribi-
nEtieA 6 the meiibers 127 aid- 1% ‘providés shear
in 4l possible: directiolis; sinee a féree in &hy
difsction nisy be tesolved into comporients in ver-
tical and horizontal planes: Sinee the stiffness
of a tubber mount in sheai is approximately only
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one-fifth as great as the stiffness in compression,
it is apparent that a mount constructed in ac-
cordance with Fig. 1 produces a large initial de-
flection and the resonant frequency of the sys-
tem is kept to a low value.

When the mount of Fig. 1 is subjected to a
force in a_given direction, for instance, a force
P gcting to the right in Fig. 1, the rubber block
§3 is subjected to shearing stresses over g given
range. When a predetermined longitudinal de-
flection of block i3 is obtained, the inner surface
of the vertical wall of member (71 contacts the
outer surface of the vertical wall of cylinder (8
to compress the rubber member {2. Thus, when
the shear range of block 13 is exceeded, the unit
changes over to a gradual compression, or snub-
bing, action. Similarly, for a force acting down-
ward on member 18, rubber block I2 is initially
subjected to shearing stresses until the bottom
edge of cylinder I8 contacts the upper surface
of supporting member tl.  Thereafter, the rub-
ber block 13 is subjected to compression stresses
until, ultimately, the lower edge of cylinder (7
contacts the upper surface of member {I. Such
2 cushion mounting provides g final limif to the
deflection without any discontinuities in the
cushioning action to affect adversely the mem-
ber 18.  In. a practical system, when a cushion
mounting of the type showh below the member
i8 in Fig. 1 is also used above the member 18,
this member, which may comprise sensitive con-
trol apparatus, is protected by two units working
oppositely to cushion the apparatus against
shocks and vibrations from all directions.

In Fig. 2 there is shown a modification of the
cushion mounting in which two channel shaped
members 25 and 28 are ftransversely disposed.
The supported member 25 may be bolted to an
object to be supported and supporting channel
26 may be bolted to a fixed support. Rubber
blocks 27 and 28 are secured to the opposite sides
of channel 25 and rubber blocks 29 and 38, to the
opposite sides of chahnel member 26. The top
and bottom faces of these rubber blocks are in-
clined at an angle to the horizontal so that the
blocks 27 and 28 support channel 25 in an ele-
vated position. Rigid members, such as angles
31 and 32, are secured to the outside faces of
rubber blocks 27 and 28 and are bolted to the

rigid angle members 33 and 34 secured to the
outside faces of rubber blocks 2§ and 30, In this’

manner the angles 3{—34 form a unitary struc-
ture which acts as a substantially rigid member
interposed between the resilient members 27 and
23 and the members 29 and 80. Accordingly,
forces acting on -the structure of Fig. 2 in the
direction of F” cause, initially, shearing stresses
in the members 27 and 28 and produce a longi-
tudinal deflection of these members. In order to
limit the longitudinal deflection of members 27
and 28 to a predetermined amount, as well as to
provide means to change from shearing stresses
in- the members 27 and 28 to compressional
stresses in members 29 and 89, the protective
straps 36 and 37 are secured, as by welding, to the
angles 3{ and 32. Similarly, to limit to a pre-
determined value the deflection of resilient mem-

bers 28 and 380, due to forces acting along the-

direction of the axis of channel 26, protective

straps 38 and 33 are secured to angles 33 and 34.

After a predetermined longitudinal deflection of
members 28 and 39, the channel 26 contacts strap
38 or 39 to initiate compressional stresses in re-
silient member 2T or 28.

In the cushion mounting shown in Fig. 3, a
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channel member 46 of considerable length is sup-
ported by a plurality of shorter channel mem-
bers 41, 42, 43 disposed at right angles to mem-
ber 40, Details of the cushion mounting used
with the channel members 43-—43 are pointed
out in the following description of PFigs. 4-7. In
the several Figs. 3-7 corresponding parts have
been indicated by corresponding reference nu-
merals.

‘Referring to Fig. 4, I have shown the cushion
mounting for supporting body member 4% on a
fixed support 48. A metal block 85 is provided
within the elongated channel 43 and contains
suitably shaped recesses 56 to receive the heads
of bolts 87 used for securing the channel 48 and
the block 53 to the supported member 45. A
metal pad 85 is interposed between the upper
surface of channel 48 and the bottom of the
supported member 45 for purposes poinfed out
later. In the manner described in connection
with the cushion mounting of Fig, 2, channel 40
has attached to it a pair of resilient members
89 and 62 and a pair of angle members 61 and
62 are attached to the opposite faces of these
resilient members.

The elongated channel £1, as seen in Fig. 5,
similarly contains a metal block 471 having re-
cesses 48 for the reception of the heads of bolts
‘49 provided to secure rigidly the channel 41 and
the block 47 to the support 48. Also, channel 41
is mounted on a metal pad 54, whose function is
pointed out later. Similar to the structure
shown in Fig. 4, the portion of the cushion
mount shown in Fig, 5 is provided with resilient
members §8, 51 and angle members 52, 53.

A metal plate 83 of substantially the same

~ length as channel 43 is interposed between the
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opposing faces of angles 52, 53, and angles 61, 62
and is held rigidly in this position by fastening
bolts 64 extending between the supporting angles
61, 82 attached to channel 40 and angles 52, 53
attached to channels 4{-—43.

In order to provide means to cushion the chan-
nel 41 and the metal block 471 from the metal
plate 63, a rubber pad 67 is placed under the
plate 63 and extends along this plate directly
above the channel 4i. Similarly, as may be seen
in Figs. 4 and 6, in order to prevent the chan-
nel 40 and the block 86 from striking against the
plate 63, a rubber pad 66 is placed upon the plate
63 and extends along this plate directly beneath
the channel 3. The rubber pads 86 and 6T may
be attached to.the plate 63 by any suitable
means, such as the locating projections §8 formed
integrally with pads 668 and 67 and extending
within cooperatinig holes provided for that pur-
pose in the plate 63.

In order to provide means to-limit verucal de-
flections of the cushion mounting of Fig. 3, as
well as to provide means responsive to predeter-
mined longitudinal deflections of one set of re-
silient members to produce lateral deflections of
the transverse set of resilient members, T-headed
holts 71 and 78, best seen in Figs. 6 and 17, extend
respectiveély between the supported member 45
and plate 63 and between support 46 and plate
63. . The bcli- 70 passes loosely through hole 18
in block 47 and is in threaded engagement with
support 48, being securely fastened thereto by
means of nut 72. It passes through rectangular
slots 723 in plate 83 and rubber pad 67 to extend
within the space between plate €3 and channel-
49, Similarly, bolt Ti passes through hole 71 in’
member 55 and is in threaded engagement with-
supported -member 45, bheing securely fastened




8,408,601

5
thereto by means of nut 74. The head of bolt
11 likewise passes through a rectangular slot: 18

in. plate 83 and pad- 68 to project between the

channels 63 and 42. After being passed through
the openings 1% and 75 in plate 63, the T-headed
boits 18 and T¢ are turned so that the longer
axes of thé heads of these bolts are transverse to
the longer sides of the rectangular openings T3
and 78. . ’

When the cushion mounting iilustrated in Figs.
3-7 is subjected to o foree, for example, to the
left in Fig.'3 along the axis of channel 49, the
resilient members 59 and 88 are first subjected
to gshear stresses. After the force has produced
defiection of a predetermined amount of merabers
58 and 8, the neck of bolt 11 engages the end of
slot 3% -in plate 63. If the force is sufficient to
produce further deflection,- the bolt TI, acting
through the plate 63 and angle 53, compresses
the resilient members 5. ~ Ultimately the side of
slot 75 of plate 63 strikes the neck of belt 78 to
prevent further movement of the mounting.

In a similar manner, forces transverse to the
axig of channel 43 produce, in sequence, shearing
stresses in rubber members 50 and 54, contact of
bolt 78 with the end of slot 73, compression
stresses in resilient member 69, and finally con-
tact of bolt 7! with the side of opening 15. It is
apparent, also, that forees acting downwardly in
o vertical plane, such as the force T’ in Fig. 3,
initially produce shearing stresses in members 50,
81 and 59, 69. After a predetermined deflection
of these members, metal blocks 47 and 65 com-
presg rubber pads 67 and 65. Metal pads 54 and
65 function to prevent angles 52, 53 from con-
tacting support 46 and angles 61, 62 from con-
tacting supported member 456 until pads §% and
§7 are fully compressed. Vertical movement
downwardly ceases when the vertical legs of
angles 32, §3, 81, and §2 contact the horizontal
surfaces of members 45 and 46. Vertical deflec-
tions upwardly set up shear stresses in members
B9, 51, 69, and 68 until further upward movement
is prevented by the heads of bolts 78 and 71 con-
tacting metal plate 83. .

It is thus seen that my invention provides a
cushion mourting in which, by proper selection
of the mass of the elements of the mounting and
the use of resilient elements in shear, the reso-
nent frequency of the mounting is adjusted to
a value lower than that of the lowest frequency
in the range of vibrations to which the mounting
is subjected. The cushion mounting further pro-

vides means for initially absorbing all deflecting -

forces by the setting up of shear stresses in cer-
tain of the resilient elements and, after initial
deflection of these elemernts, by causing other
resilient elements to be compressed. In this
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manner any secondary shocks to the system which

would occur through sharp discontinuity of the.

resisting force are avoided.

While I have shown a particular embodiment
of my invention, it will of course be understood
that I do not wish to be limited thereto since
various modifications may be made, and I con-
template by the appended claims to cover any
such modifications as fall within the true spirit
and scope of my invention.

What T claim as new and desire to secure by
Letters Patent of the United States is:

1. A cushion mounting for a member supported
by means subject to undesirable vibrations com-
prising, a pair of transverse resilient members
interposed between said member and said sup-
porting means, said resilient members being

60

65

70

6 .
mounted to set up shHearing stresses opposSing
forces applied thereto along three mutually per-
pendicular axes, and means responsive to prede-
termined longitudinal deflections of one of said
resilient members to produce lateral deflections
of the other of said resilient members, said last
nleanis comprising a rigid structure attached to
hoth of said resilient members, said rigid struc-
ture being arranged to contact said supported
member after said predetermined deflections and
to compress said other resilient member betWeen
said rigid structure and said supporting means.
2. A éushion mounting for a member supported
by means subject to undesirable vibrations com-
prising, & pair of transverse resilient members
interposed between said member and said sup-
porting means, méans to limit vertical deflections
of each of said resilient members comprising a
figid strueture attached o both of said resilient
members and arranged to contact both said stup-
ported member and said supporting means atter
predetermined vertical deflections of said resilient
members, and means attached to said structure
to produce lateral deflections of one of said re-

" silient members - after a predetermined lohgi-

tudinal deflection of the other of said resilient
members,

3. A cushion mounting for a member supported
by means subject to undesirable vibrations com-
prising, a pair of transverse resilient members
interposed between said member and said sup-
porting means, and Ineans responsive to prede-
termined lengitudinal deflections of either of said
resilient members to produce lateral deflections
of the other of said resilient members, said last
means comprising a rigid structure attached to
both of said resilient members, said structure
being arranged to contact said supported member
after said predetermined deflections to compress
said other resilient member between said rigid
structure and said supporting means.

4, In g cushion mounting for a supported mem-
ber, the combination of a first resilient means
attached to said member, said means extending
in a direction parallel with said member and
being subjected to shear stresses by forces acting

on said member in said direction, a second re-

silient means mechanically connected to said first
means and extending in a second direction trans-
verse to said first direction, said second means
being subjected to shear stresses by forces acting
on said member in said transverse direction, and
limiting means attached to each of said resilient
means whereby when the defiection of one of said
resilient means due to said shear stresses equals
a predetermined value the other of said resilient
mesns is subjected to compressional stresses, both
of said resilient meang being subjected to shear
stresses by forces acting on said member in a
direction transverse to- said first and second
directions.

5. A cushion mounting for a member supported
by means subject to undesirable vibrations com-
prising, a pair of transversely disposed channel
shaped members, one of said channel members
heing fastened to said supported member and the
other of said channel members being fastened to
said supporting means, resilient means attached
along the sides of each of said channel members,
substantially rigid connecting means interposed
between said resilient means, and means respon-
sive to a predetermined longitudinal deflection of
either of said resilient means to produce a lateral
deflection of the other of said resilient means.

6. In g support, the combination of a pair of .
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transversely disposed channel shaped members,
a substantially rigid member positioned between
said channel shaped members, resilient means
attached along the sides of each of said channel
members and connected to said substantially rigid
member, said resilient means being mounteq to
set up shearing stresses opposing forces applied
to said channel members glong three mutually
perpendicular axes, means responsive to a prede-
termined longitudinal deflection of either of said
channel members to produce a lateral deflection
of the other of said channel members, said last
means including means to limit the motion of
said channel members along each of said axes.

7. A cushion mounting for 8 member supported
by means subject to undesirable vibration com-
prising g pair of transverse resilient members
interposad between said member and said sup-
porting - means, a substantially rigid connecting
means interposed between said resilient members,
said resilient members being mounted to-set up
shearing stresses opposing forces applied to said
supported member along three mutually perpen-
dicular axes, and means responsive to a prede-
termined longitudinal deflection of one of said
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resilient members for producing compression of
the other of said resilient members, said last
means comprising rigid overlapping members
positioned on opposite sides of said one resilient
means for directly contacting said supported
member after said predetermined deflection.

8. In a support, the combination of a pair of
transversely disposed channel shaped members,
resilient means attached along the sides of each
of said channe]l members, substantially rigid con-
necting means interposed between and connected
to said resilient means, said resilient means being
mounted to set up shearing stresses opposing
forces applied to said channel members along
three mutually perpendicular axes, said connect-

‘ing means including rigid members parallel with

and partially co-extensive with said channel
members, the points of cohnection of said re-
silient means to said cohnecting means being
greater than the distance between said channel
members and said connecting means whereby the
setting up of substantial tension stresses in said
resilient means is prevented.

GEORGE W. FYLER.




