(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

19) World Intellectual P It
(19) World Intellectual Property A A 800 110 A A O A 0

Organization
International Bureau (10) International Publication Number

(43) International Publication Date WO 2021/126849 A1l
24 June 2021 (24.06.2021) WIPOIPCT
(51) International Patent Classification: (74) Agent: NIKOLAI, Thomas J., DEWITT LLP, 2100
F16F 9/34 (2006.01) F1o6F 9/38 (2006.01) AT&T Tower, 901 Marquette Avenue South, Minneapolis,
F16F 9/36 (2006.01) Minnesota 55402 (US).
(21) International Application Number: (81) Designated States (unless otherwise indicated, for every
PCT/US2020/065117 kind of national protection available). AE, AG, AL, AM,

. o . AO. AT. AU. AZ. BA. BB. BG. BH. BN. BR, BW. BY. BZ.
(22) International Filng Date: CA. CIL CL. CN. CO. CR. CU. CZ. DE, DJ. DK. DM. DO.

13 December 2020 (19.12.2020) DZ. EC. EE. EG. ES. FI. GB. GD, GE. GH. GM. GT. HN,
(25) Filing Language: English HR. HU, ID. IL. IN, IR, IS. IT. JO. JP. KE. KG. KH. KN.
KP, KR, KW.KZ.LA. LC.LK. LR, LS. LU, LY. MA. MD.

(26) Publication Language: English ME, MG, MK, MN, MW, MX, MY, MZ. NA, NG, NI, NO,
(30) Priority Data: NZ, OM, PA, PE, PG, PH, PL, PT, QA, RO, RS, RU, RW,
16/720,437 19 December 2019 (19.12.2019) US SA, SC, SD, SE, 5G, SK, SL, 8T, SV, 8Y, TH, TJ, TM, TN,

| TR, TT, TZ, UA, UG, US, UZ, VC, VN, WS, ZA. ZM, ZW.
(71) Applicant: ROM ACQUISITION CORPORATION

[US/US]; 6800 East 163rd Street, Belton, Missouri 64012  (84) Designated States (unless otherwise indicated, for every
(US). kind of regional protection available). ARIPO (BW, GH,
73 Iovntors LEVE, Avrabam Y. 1599 Toweniow g e OVPKELEULS MV, MZ NA RW. 5D, S, ST, 52,12
gan, Minnesota 55121 (US). TM), European (AL, AT, BE, BG, CH, CY, CZ, DE, DK,
EE, ES, FI, FR, GB, GR, HR, HU, IE., IS, IT, LT, LU, LV,
MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SI, SK, SM,

(54) Title: HYDRAULIC DAMPER

(57) Abstract: A hydraulic damper includes a cylinder containing a hydraulic fluid and a piston affixed to a piston rod that extends out
fromone end of the cylinder through an end cap seal and that divides the cylinder into two chambers. The piston includes a port extending
longitudinally through i1t where the port defines a valve seat. Inserted 1n the port 1s a spring-loaded valve member having a central bore
extending longitudinally through 1t of a selected diameter that sets the rate of extension and return of the piston rod during use.

w0 2021/126849 A1 U HHI 00T R A 0

[Continued on next page/



WO 20217126849 A [} R 0KYH VO A PN A0 R AT OO R

TR), OAPI (BF, BJ, CF, CG, CI, CM, GA, GN, GQ, GW,
KM, ML, MR, NE, SN, TD, TG).

Declarations under Rule 4.17:

— as to applicant’s entitlement to apply for and be granted a
patent (Rule 4.17(ii))

— as to the applicant's entitlement to claim the priority of the
earlier application (Rule 4.17(iii))

Published:
—  with international search report (Art. 21(3))
—  before the expiration of the time limit for amending the

claims and to be republished in the event of receipt of
amendments (Rule 48.2(h))



WO 2021/126849 PCT/US2020/065117

-

HYDRAULIC DAMPER
CROSS-REFERENCED TO RELATED APPLICATIONS

=
O
(-1.

appliicable

STATEMENT REGARDING FEDERALLY SPONSORED

LA

RESEARCH OR DEVELOPMENT

RACHKGROUND OF THE INVENTION
1. Field of the Invention

-

The present invention relates generally to a
|

10 nvdraulic damper for use in systems where reciprocal
forces are applied to a load device to limit the speed of

moveaemaent of the load.

I¥. Discugsion of the Prior Art

In my U.S5. Patent 6,427,889, I describe a ladder
15 rEg

OO

!x..

for hi-bay vans whereby ladders carried atcp the

N

cf a vehicle mayv be easily transported to a position

e where a worker may more

]....,..

along the side of the wvehic

readlily retrieve a ladder for use at a work site and

'

subsegquently reload it back on the vehicle’s rococf. It

FH

2{} incorporates a hydraulic damper for counteracting the

force of gravity as the ladders are prought over center
so that the lcad is more gently lowered. Like most
hvdraulic dampers, it includes a cylinder containing &
hyvdraulic liguid, a piston deployed in the cylinder and

23 dividing the interiocr thereof into first and second
chambers. The piston is affixed Lo an slongated rod that
extends through at least one of the chambers tTo the

"
)
)

outside through suitable ssals. Designed into the piston

is a valve structure that opens and cliloses Lo permit oOr
3{} obstruct flow of hydraulic fluid from one of the chambers
to the other.

The present invention 1s deemed Lo e an improvemant

-

over the prior art of which I am aware in terms of its

functicnality.

simplicity, ease of manutfacture and

=
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SUMMARY OF THE INVENTION

The hydraulic damper of the present invention

includes a tubular body member having first and second

=nds and in which & tubular sleeve 1s used to line the

LW 4

lumen of the tubular body member. A piston rod asssmbly,

L4

inciuding an elongate cylindrical rod of a length greatex
than a length of the tubular main body member, has a
cylindrical piston mounted thereon. The piston 1s
dimensioned to fit and slide within the tubular sleeve to
10 thereby define first and second chambers of a variable
C

volume within the sleeve on opposed ends of the piston

Q

The two chambers are adapted to contain a hydraulic

k
L

fluid. End caps are affixed to the opposed ends cf the
main body member where the end caps include a central

13 bore for receiving the piston rod through it. The end

caps further incorporate seals for inhibiting leakage of

the hydraulic f£luid from the chambars.

2

A

An important aspect of the invention resides in the

1.,.: »

udaes first and second

i“&’“

design of the piston. It inc
20 longitudinal bores of differing diametex that extend
inward from opposed end surfacses of the piston and that
meet to form a tapered valve seat. The largexr of the Lwo
bores in the piston contain a valve member and a spring
for urging a tapered head end ¢f the valve member against
25 the valve seat. Further, the valve member has a
longitudinal bhore of a predetermined ciameter that
extends longitudinally through 1t.
The piston further incorporates a step in 1Ls ocuter
diameter to create first and second zones of differing
30 diameters. The first zone is of a larger diameter than
cf the second zone and contains a circumferential groove
in which a cup seal is dispcosed. The second zone 18 ©f a
slightly reduced diameter and it alsc cont

&1
circumferential groove which is made to intersect with
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+he larger of the two intersecting longitudinal bores In
the piston such that when the wvalve bhecomes unseated from

the valve seat, flow path is established between the

$1)

2

13 zeve and the cuter diameter of

Lol —

)
r
::}
(T
{#
fons

internal diameter

4

{D
O
.
L2

the pilston in the secc 7 onea .,
Given the above-described configuration, when an
external force is applied to the piston rod to extend it

furthe ut from the main boedy, the valve becomes seated

{3

whereby the hydraulic fluid must pass through the valve's

hore to fliow from the shrinking chamber to the expanding

~hamber such that the rate of movement of the pirston rod

o

assemblyv is reduced. Contraction of the piston rod back
i

,.3'

into the maln body member unseats valve member such
i

h
R

-he hydraulic fluid flow path from the enlarging

x"i‘

chamber intoe the shrinking chamber is through the aligned

J

bores in the wvalve member and then through the

circumferential path betwsen the outer diameter of the

i

the asleeve, This serves

piston and the inner diametexr oOfF
to increase the rate at which the piston rod assembly 1s
alrle Lo move.

BRIEF DESCRIPTION OF THE DRAWINGS

0

The foregoeing features, objscts and acdvantages O

the invention will become apparent to those skilled in

rthe art from the following detailed descraiption of the

oreferred embodiment, especially when considered in

’"O

conjunction with the accompanying drawings in which like
numerals in the several views refer to corresponding
DarTs:

Figure 1 is a perspective view of the hydraullc
damper of the present inventilon;

Figure 2 is an exploded view thereoi;

Y

is an explioded view of the piston rod

:-!"
) _(:2
—
1
X
)
{AS

assembly emploved;

1

Figure 4 is an exploded view of the piston assembly;
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assenmbly; and

Figure o 15 an exploded view of the cap assembly
used to seal off oppossd ends of the main body member as
well as about the pilston rod extending through 1t.

DESCRIPTION OF THE PREFERRED EMBOQDIMENT

)]

This dascription ©f the preferred embodiments 1s

H

intended to be read in connection with the accompanving

Y

drawings, which are to be consgidered part of the entire

G ) : -~ - - :: *. -‘ 7y ‘: #* T “ -
10 written description of this invention. In the
3 I, - . y p TP S R o o N T A /4 W - 74
description, relabtive terms such as “lower”, Tuppsr”,
W1, . - ae o 1 7 % <. . _— l! AN o - - 77 3\ oy 4 Wy - T A\ S - £F
norrzontal”, Y“wertical apbove”™, Tbelow”, Tup’, “down”,

“top” and “bottom” as well as derivatives thereof (e.g.,

“horizontally”, “downwardly”, “upwardly”, etc.) should be

E " b

- . - : A N i b p g J o ¢ -~
15 ~construed to refer to the orientation as then desoribed
b |

or as shown in Tthe drawings under discussion. These

reiative terms are Ior conveniencsa of description and do

N

not regquire that the apparatus be constructed or operated

in a particular orientaticon. Terms such as “connected”

- AL

(7, YVattached”, “attaching”, “ijoin” and

20 “oconnecoting

u?*

Joining” are used interchangeably and refer to one
structure or surface being secured to another structure
Iy =

cxr surface or 1n d 1n one piliece, uniess

&

expressively described cotherwis
75 o F ing First to Filigur : rhere 3 sraegsaented
Jd Referring first to Figure 1, tThere i3 presented an
izometric view of a preferred embodiment of the hvdraulic
damper 10 of the present 1nvention. It is seen to

comprise a main body member 12, which may be a tubularx

aluminum extrusion defining a central bore 13 of circular
30 cross—section (Fig. 2} and a generally rectangular outex
profile with integrally formed rounded tubuliar
n A

longaitudinally extending edges 14, 16, 18 and 20, The

cpposed ends of these rounded tubular edges are

internally threaded by which a main cap assenbly 272 and &



WO 2021/126849 PCT/US2020/065117

L1

g cap 24 are fastened to the left end of the body

@,
-
::j
-
;-.v
.3

by bolts, as at 26, and ancther maln cap assembly

t:;
%}
o)
{1,
i~

raining plate 20 are fastened by boits, as at

N
o0
0
3
{).
O
-
{T‘

in body member 12.

{3

the right end of the m

LD
N
n
f
O

<

Tittaed into a central bore 24 of the mountin

3’
{3
L
4
O
N\
o

is an end cap extension member 36, which is held 1n place

by a palr of diametrically arranged bolts 38 and 40.
Also seen extending out from the retaining plate 30 at

the right end of Figure 1 1s oiston rod 42 having a

Q
’(z

10 clevis 44 attached to a threaded end thereoif that aiiows

A»

the damper to be fastened to a moveable load object
during use.

Figure 1 also shows setscrew-type plu 46 and 48

L()

that are fitted into laterally sxtending bores in the
15 mounting caps 22 and 28. As will be explained below,
rhese bhores provide a way by which the dual chambers cof

the device 10 mayv be filled with hydraulic fiuid pricr to

oded view of Figure Z, 1t
viindrical sleeve 50 that i1s inserted into tie
13 of the main body member 12. Disposed

within the lumen of the zleeve 50 is the piston rod

asserbly 52. It comprises a piston rod 42 to which the
piston 56 1s attached.
23 Figure 3 is an enlarged exploded view of the piston

strates a preferred way of

’MJ

rod assemnply 52 and 1t 11lv

0

securing the piston 56 to the piston rod 42.

Specifically, the cylindrical piston 56 has a central

&

7

bore 58 through which the piston reod is inserted. The
3{) piston also has a radial bore 60 into which a roll pin 64
is inserted conce the bore 60 is aligned with a bore 64
formed through the piston nod.
A buna rubber cup seal 66 is fitted 1nto &

circumferential groove 68 in the piston. Thus, with the
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ar
-

piston inserted into the siseve 50 contalned in the main

body, it effectively divides the interior of the damperx

assemnbly 10 into two compartments of variable size as

determined by the piston as 1t 1s displaced., Each ©of the

)

two chambers can be filled with the hydraulic fiuid via
Fhe ports once screw plugs 46 and 48 are removed,

Figure 4 iz an enlarged perspective view of the
piston asszembly 52 and Figure 5 is a longitudinal crossg-

tion therecof. Radially offset from the central bore

&
(2

& C
1) 58 through which the piston rod fits is a passageway bl.
o

tions 672 and ¢4 of

®:

[ 3 e,
Chag Se

{5
4\,
P

h -t ? - ﬁ
comprises I1Irst anda

4. 1
ST LTIANC

-

\

L

a tapered vaive sealt 06

differing diameter anda d
therebetween. Fitted into the larger diameter section 64
is a3 valve member €8, a valve spring 70 and a hollow

iS5 (tubular) setscrew 72 for retaining the valve and sprine
in place while allowing a flow of hydraulic oil through
it. The valve 68 has a tapered head and a stem and 1t
also includes a central bore 74 of a predetermined
diameter that extends lengthwise through each. The head

2{} end 76 1is tapered so as te mate and seal with the tapered
valve seat 06 formed in the piston.

-:1!

k! : ' - -y ) . e -
The ocross~sectional view of FPigure 5 also shiows that

Te.

1

the piston is stepped in its outer diameter where the
i

A 1s of a lesser

>

segment shown encompassed by bdbracke

A
A

cuter diameter than that encompassed by bracket B. The
circumferential groove 78 in the pisteon is sufiflciently
deep to intersects with section 24 of the passageway ol.
Thus, when the piston i1s resident within the sleeve 30
and the valve becomes unseated, a fluid passageway is

30 created through the passage way 61 and through the

apovementioned annular passageway.

I
(D

Figure ¢ is an exploded view of the malin caps 22

@,

used to seal the opposed ends of the main body member 12.

‘*
g

They each comprise a machined metal base 2Z8B having a
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central bore for allowing passage of the piston rod 42
rherethrough and surrounding the bore on the outer
surface &0 thereof is a cavity (not shown) into which 1S

fitted a soft buna cup seal 82 that wipes dust and dirt

. The inner side of the main caps 2<2 has a

L
9
s
=
+
-
(71
!._...
2

£
r

toroidal protuberance 8Z with an exterior O-ring groove
4 for receiving an O-rxing 8¢ therein. The O-ring g0
serves to prevent leakage from the secam between the

sleeve 50 and the end cap 28.

10 Shown as being received within the protuberance 8Z
is a suitable seal, with & hard poly cup seal 834 being a
preferred type. A flat washer 90 and a spring clip 24
hold the poly cup seal in place.

Having described in detail the constructional
£ features of the invention, consideration will next be

given to the mode of operation therecl.

Assume that in the view of Figure 1 that the left

end thereof is anchored and a force is applied in the
direction of the arrow 94 to extend the piston rod 42

,‘

20 from the main body 12. The valve 68 will be seated such
that the hydraulic fluid must flow through the restricted

diameter bore 74 in the valve member 68. Hence, for a

given force, the piston rod will move at a slow rate.

With the piston rod fully seztended and the force

23 now assumed to be operating in a direction cpposite that
of the arrow 94, the valve 68 unseats creating a less

restricted flow path foxr the hydraulic fluid to fio
i.e., not only through the aligned bores §6Z and 64 in the

o & Clearance space

X0
t

piston, but also via the groove 7/

=

3{ hatween zone A of the piston and the inner—diameter of

~Nr

the sleeve 54U, Thus, the speed of movement of a Lload,

say under the force of gravity, will bes slow as the
piston rod is extracted, but it will move more rapidly

when the piston rod is being contracted back into the



WO 2021/126849 PCT/US2020/065117

(A3

1

ES

main body member.

The damper of the present invention is adjustable

F N

only in the sense that valve members having differing

b

longitudinal bore 74 dimensiocons can be utilized at the

-

time of manufacture to offer variations in the rates of
movenmant of the piston to meet specific application
raegulrements,

This invention has been described herein in
nsiderabis detairl in order to comply with the patent
statutes and Lo provide those skilled 1n tThe art with The

information needed to apply the novel principles and to
construct and use empociments of the example as reguired.

However, it 1s toe be understocd that the invention can bhe

carried cut by specifically different devices and that
various moedifications can e accomplished without

departing from the scope ©f the invention itself.

What is claimed i

o
"

'..:
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CLALMS
i A hydraulic damper comprising:
(a} & tubular main body member of a predetermined
internal diameter having first and second ends;
S (b} a piston rod assembly including an elongate
cyvlindrical rod of a leagth greater than a
lencth of the tubular main body member and a
cylindrical piston mounted at a predetermined

q
n
n

cation along the length of the pisten rod,

~

O
10 the piston being dimsnsicned to fit and slide
hin the predetermined internal diameter IO

variaple

bt

L€
define first and se=scond chambers of
volume within the tubular main body membsr oOn
coposed ends of the piston, said chambers
13 acdapted to contain a hydraulic fluid;

y

a pair of end caps affixed to opposed ends of
Ca

-
“»
{3

~

the malin body member, the end caps each
including a central bore through which the
oiston rod is fitted, the end caps having
20 sealing means for inhibiting leakage of the
hydraulic fluid from the chambers; and

wherein the oiston includes first and second

where

Ty
(3,
p S

longitudinal bores of differing diameterx

extending inward from opposed end surfaces of

L 2

{3
&

the piston that meet to form & valve seat, a
larger of the bores in the piston containing a
valve member and a spring for urging a head end

of the valve member against the valve seat, the

9

valve member having a longitudinal bore of a
34 predetermined diameter extending longitudinally

therethrough.

2 . The hvdraulic damper of claim 1 wherein an

suter diameter of the piston includes a first

circumferential groove having an elastomerlic cup seal
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(A%

10

30

contained therein,

3. The hydraulic

- v ) e v T
piston has a step in the

and secong zZones

groove being in the f£irs

PCT/US2020/065117

LS

damper of claim 2 wherein the

sutery diameter to create fTirst

of differing diameters, said first

t zone having a larger dliameter

l.

+han that of the second zone and wherein a second

circumferential groove 1s formed 1in the second zone Lo

intersect with said

larger of the bores in the piston

whereby when the valve becomes unseated from the valve

seat, a flow path
second chambers via an
and an

g . The hvdraulic
extension of the piston
the valve member with

)
et

raulic fluid flow pa

2.

AR,
I,".'_}/

second chamber is through the

valve member and contraction

“he m

furthexr hvdraulic f£luid
diameter ©f the piston

diameter of the tubular

O-ring in a
protuberance and a cup

rod 1n a central

. A hydraullc damper

{a) a tubular main H

second aends;

a tubular

Lo N
o)
."“-w,

body member;

internal

outer diametery of

oF

th from the fiz

in body member unseats the valve member such

groove Iform
seal for

opening of the annular pr

19 established between the first and

diameter of the sleeve

»
1)

the piston in saild second zo

(3

wnper of claim 3 wherein

ol out from the main dody seats

the valve seat such that the only

-a

‘st chamber into the
longitudinal bore 1n the

»f the piston rod back into

P

thnat a

flow path between the cutern

and the predetermined internal

ondy member 135 created,
damper of claim 1 wherein the

an annular protuberance

and extending out from an

said protubsrance supporting an

’ . -
] in the outer surfacess of The

surrcunding thes piston
Ot

COMPrising:

al

ody member having first and

sleeve lining a lumen of the tubular
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-11-

(¢} a piston rod assembly i1ncliuding an elongate

$1)

cviindrical rod of a length greater than
tength of the tubular main body member and &
cviindrical piston mounted at a predetermined
3 location along the length of the piston rod,
the plston being dimensiconed to fit and slide
within the tubular sleeve to define firvst and
second chambers of variable voliume within the
on opposed ends of the piston, sald

&
F{3 chambers adapted to contain a hydraullc flul

¢
palr of end caps affixed to opposed ends of

T~
(.
€13

the main body member, thes end caps sach
including a central bore through which the
piston rod is fitted, the end caps having

£3 sealing means for inhibkiting leakage of the

r}

hydraulic £fluid from the chambers; anc

wherein the piston includes first and second

ATy
D
k|

.W

! ~

longitudinal bores of differing diameter

axtending inward from opposed end surfaces of
24} the piston that mest to form a valve seat, a
larger of the bores in the piston ceontalining a
valve member and a spring for urging a head end
of the wvalve membar against the valve seat, the
valve member having a longitudinal bore of &

ﬁ
)
i

23 predetermined diameter extending longitudinally

therethrougn.
~i
!

/. The hydraulic damper of claim © wherein an

cuter diameter of the piston includes a first

circumferential groove having an elastomeric cup seal
30 contained therein.
3 The hydraulic damper of claim 7 whersin the
plston has a step in the cuter diameter to create first
and second zones of differing diameters, said first

\

groove being in the first zone having a larger diameter
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217

than that of the second zone and wherein a second
. cove 1is formed in the second zone o

intersect with said larger of the bores 1n the piston
whereby when the valve pecomes unseated from the valive
> seat, a flow path is established betwzen the Tirst and

second chambers via an internal diameter of the slesve

and an outer diameter of the plston in salid second zona.,

-~ +

G, The hvydraulic damper of claim & wherein

ton rod out from The m

extension of ths pis &
10 the valve member with the valve seat such that the only
hydravlic fluid flow path from the first chamber into the
second chamber is through the longitudinal bore in the
valve member and contraction of the piston »od back into

the main bodyv member unseats the valve member such that a
13 further hydraulic fluid flow path between the outer

diameter o©f the pilston and the inner diameter of the

. v rrd omom gl P . Feg L I . - Ly m
10. The hydraulic damper of claim © wherein ihe

S I | o . - b .
sealling means comprises an annular protuberance

.»-3"

24 integrally formed with and extending out from an
interface of the end cap, said protuberance supporting an
C-ring in a groove forxmed in the outer surface of the
crotuberance and a cup seal for surrounding the piston

rod in a central copening of the annular protuberance.,
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FIG: 2
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