2113347 -1- Piston and Piston Rod Assenbly Thi s invention relates to a’
ton amd piston rod assenbly for use as a flow control device where
subst anti al | y hi gher resistance to noverment of the piston in one aX| 1 %347
ditTgctions.required than to 5 novenent in the opposite axial directio
Th pref?rrmd;enbodinent of the present invention is, for exanple, SU|tabI€§_
[

f-or use i as spring, for exanple of the type shown in our British

pat ent spetchf/ cation G B. 2012913A. 10 The piston and pi ston
rod asse shown in British patent specification G B..2012913A has been
found satisfactory for many applications, but in sone appli- cations

difficulty has been experienced in mai nt ai ni ng adequat e di mensi onal contr ol
of the orifice provided in 15 the restrictor plate. According to the
present invention a piston and piston rod assenbly conprises: a piston rod;
a piston nmounted on the piston rod; a passageway providing a fluid flow
path past the piston; and a restrictor 20 device, the restrictor device
and piston being novable relative to gach other between a first position in
which the restrictor device .is spaced fromthe piston and does not
substantially restrict flow through the passageway and a second position i n.
whi ch the resprhistion daid Fistor’ Rod i AssdmbDEnt Wi th the piston to restrict
fl ow t hrough

This iﬁventidn relates to a piston and piston
s rod assembly for use as a flow control device where ) 'E%
substantially higher resistancé to movement of the
. piston in one axial direction is required than to
S5 movement in the oppositeakialdirection. The preferred
embodiment of the present 1nventlon is, for example,
suxtable for use in a gas sprlns, for example of the
type shown. in our Brztzsh patent specification G.B.
2012913A.
10 The piston and piston rod assembly shown in
British patent specification G.B.2012913A has been found
satisfactory for many applicatibns, but in some appli-
cations difficulty has been experienced in maintaining
LJ; adequate dimensional control of the orifice provided in (-
15 the restrictor plate.
| According to the present invention a piston
and piston rod assembly comprises: a piston rod; a
piston mounted on the piston rod; a passageway providing
a fluid flow path past the piston; and a ;estfictor
20 device, the restrictor device and piston being movable
relative to each other between a first position in which
the restrictor device is spaced from the piston and does
not substanfially restrict flow through the éassageway
and a second position in which the restrictordevice is

25 in abutment with the piston to restrict flow through



-2-_the -passageway, wherein said restriction to flowis provided by an
el§ﬁgate‘chanhql'defined by the opposing surfaces of the abutti st on
and restrictor device, said channel resticting flow through the sageway - -
5 In the preferred enbodi nent of the invention the pgl i s
formed by an el ongate groove defined ®dy=the.restrictor device f\dci t he

pi sten. Thus, when the restrictor device and piston are in abutting contact
the groove is closed on its normally open side by the 10 surface of the

pi ston to define the el ongate channel. The groove may be forned in the

surface of a r@srpLd dheoRaPEwhéreihi shigasestiittiphetor abby sbaped such

that the channel includes a radially extending egxit ti t endi f
the periphery Rsovifted & ppcetongR e?,anotnig gegﬁnﬁ?g 3?at *éggeﬁﬁnglé‘g?t i Eﬁfn

andt a lradi al | ys@xt £66ks n?feﬂ&éﬁaﬁ@ttiﬂg pistonli agdfreattbetenddefrithe |
central portion r te fromthe.exit partio hus, e rictor
menber is in eMfEYe ?ﬁnﬁﬁtﬂe?ﬁﬁcé?gfoﬁi?YuP%r;?§§5t$goﬁ?%Eggégggégemay vi a
tre entry ?ortion, t he 2Inctimérpireferrednembodimentecaft ther inyangfionhe
el ongat e chann n |t er ' [ LC ; [
conprises a sd%%%r%h%ﬁgfg %%deg;%¥§t§£38glg?gh&%?ghéfﬁggbagg?ﬁgﬁuaﬁg IS
supported by tthe supptrichemtdevicecfapingsthperisbone. BHusyi vhspy the

dimensi oni ng Lgs f DOVGr | detiiee! 234! pebeondB¥eCen hBEtELAESEaRLACto Tl OW
provi ded by the channel is substantlaIL¥ det er n ped bx t he Ieg th,of the
. the groove is closed on its normally opéen side 9 the

;7 10 surface of the piston to define the elongate channel..
~ The groove-may be formed in the surface of a restrictor
member, in which case it is preferably shaped such that
the channel includes a fadially extending exit portion
extending from the periphery of the restrictor member, a
15 an arcuate central portion, and a radially extending entry
portion extendihg from the end of the central .
portion remote from the exit portion. Thus, when the
restrictor member is in engagement with the piston fluid
flows from the passageway via the-ent}y portion, the
20 central portion, anq the exit portion'of the elongate
- channel. _ .
al : In an alternative embodiment the restrictor
o - device comprises a support plate and a slotted plate which
 lies against and is supported by the supbort plafe to define
25 the groove. ' '

' By suitably dimensioning the groove in the
restrictor device, the resistance to flow provided by the
channel is substantially determined by the length of the
-channel. By suitably selecting the length of channel

30 the desired restriction can be provided without the need
for highly accufate machining of the groove. Further,
because the groove is open along its entire length during
unrestricted reverse flow through the passageways, any
particlés of debris bedoming trapped in the groove are

35 flushed clear on each reverse stroke of the piston and

“
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channel . By suitably selecting the | ength of channel 30 the desired l
fLestriction can be provided without the need for highly accurate nachining
_the'groove Further, because the groove is open along its entire I'ength *

d g unrestricted reverse fl'ow through the passageways, any particles of
debrivg\becom ng trapped in the greove are 35 flushed cl ear on each ,;‘:
re g stroke of the piston and. pi ston rad assenbly. The above and
furthér features and advantages of the invention will beconme clear fromthe
foll ow ng description of a preferred enbodi nent thereof, given by 5 way
of exanple aqnly, reference eing had.to the acconpayi ng draw ngs wherein:
Figure 1 sR&ﬁ§°ﬂaF 4 @s® emPldi-oss section a piston and piston rod assenbl y

mounted within a cyl iThdeabovie] el Furdthers dddinneds \dredV ddxkeant Des he | i ne
showi ng & SEcERE SRTSHHAS Y Ret bt et R For R 1 T oy of
t he enbodi deserdptiiopuod 3 pavef eFirad @obostioent Hthestenf e iirert by t he
enbodi gent .af, %Eg%&ﬁiﬁiém3%1§' ‘Feference being had to the accompaying
drawings wherein:
Flgure 1 shows partially in cross section a
. piston and piston rod assembly mounted within a cylinder;
‘Figure 2 is a sectional view taken on the line
10 II-II of Figure 1. h W,
Figure 3 is a view corresponding to Flgure 1

showing a second embodiment of the invention;




Figures.l and 2 show a piston and piston rod assenbly 10 slidably mounted
w pfvn a ¢yl inder 11, for exanple of a gas spring. An O-ring seal 12

pesi-tionméd:in a groove in the piston 13 ensures sliding sealing 10
congzart between the piston 13 and the cylinder 11. The piston 13 is
slid&bly nmounted on a spigot 14 formedfat the end of piston rod 15.

X

e /—\:
restyictor menber 16 is secured to the end of the piston rod 15 by s 3{ bl e
nmeans, for exanple screw 17. A light spring 18 may be 15 provi ded flas
the piston 13 towards the restrictor nenber 16. A passageway 19 co 51 ng

a plurality of axially extending,drillings_20.openi I nto.an .annyl ar
groove 21 is provided to g?ﬁ&ﬁefﬂuﬁa Fopgfﬁwvﬂggi°fﬂghfbemﬁé& Sﬁ& Mbr e

particul arly, dofi R¢gareupwar dndtroke (as viewed in Figure 1) of the
assenbly 10 the piLston 13w RV Y +£.1.0 [1€ s Il C " er 16 and
F#%%Leng h3Wd the gﬁ%&%gg.gﬁsc &&r L

seat on the shoul der 22for at “t he base of t I got 1 uid may then
flow freely arogmbodimentgof FAgmses pBhendedterictor member 16 and through
t he passagepay 19 to the lower side of the piston. The cl earance between

the restrictor menber 16 _and the.cylinder 11 in association with the cross
sectional area of the pafigyEesgleaddr & sbe¥ ag@istensaod Bishdar®kt r oke

there is littl cagehmBipnee sPidably Ry¥eATEE @ithiA assplihierO11Quring a
downwar d stroke as viewed in Figure 1%p§f the assenbly 19,Hgomever, t he
S

( .
pi ston 13 novesf?Mt TXaMRLBeft i 8RS SRY 1REr or ARelpELnESSR wWROBH tEPGS e
1 and flow out i &hgrpesceairielpistoncsBr enbaflesi 8B1&dihg sehriagl y exit

pagsage frogn the, aP0iL AL P Q9N CtRd L5s¥b8 13 and the cylinder 11.
The piston 13 is slidably mounted on a spigot 14 formed
at the end of'pfStén rod 15. A restrictor member 16
is secured to the end of the piston rod 15 by suitable
means, for example screw 17. A light spring 18 may be
15 provided to bias the piston 13 towards the restrictor
| member 16. ) '
A passageway 19 comprising a plurality of
~~axially extending-drillinss 20 opening into an annular
'groove_21 is prqvided to allow fluid to. flow past the
20 piston. More pafficularly, during an upward stroke
- (as :-viewed in Figure 1) of the assembly 10 the piston
J 13. will move away from the restrictor member 16 and
seat on the shoulder 22formed at the base of the spigot
'1%4. Fluid may then flow freely around the edges of
25 the restrictor member 16 and through the passageway 19
" to the lower side of the piston. The clearance between
the restrictor mther 16 and the cylinder 11 in association
with the cross sectional area of the péssase 19 ensures
that during such an upward gtrbke there is little resistance
30 to movement of the assembly 10. '
| . During a downward stroke ( as viewed in Figure 1)
of the assembly 10, however, the piston 13 moves into |
‘abutment with restrictor member 16 as shown in Figure 1
and flow out of the passageway 19 is restricted since
35 the only exit passage from the annular gréqye 21 is via
'~ a channel 23 defihed between the piston 13 and the restrictor

member 16.
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23 defined between the piston 13 and th.e restrictor ménber 16.

ng 'now to Figure 2 the restrictor nenber 16 is formed with a groove

sing an inlet portion 24, a central arcuate portion 25, and an. ‘

~nortion 26. \Wen the piston 13 is in abutnent. with the 5 restrictor

the land 27 forned radiallyfﬁutmardly of the annul ar groove 21 ™

e groove 23 over the majority of its length to define a restric¥or
Fluid flowi ng through the passageway 19 enters the channel via the
tion 24 of the groove, flows around the 10 arcuate portion 25 of

the .groove 23 the desired degree of restriction of flow during a
moidei fsrmed it oh &R DhicsTRIASing tar EAbeHi nent shown in

a i ubstadttrdl Yarduat € 'gort Lot 25 EXARdt ah SoebDEL | N

lid Ii . byt this. | th be, ext d up,to at_| t 340 h
T br oken | REHLI 44+ | AR TR HAS Ty backs (i PERERFRE| WhOR RRed by

the gro

e. rEstrgicomre midabvay 1fe flor rechd 2 2nforamed abadidDlyt eatwandey |t

i ston 15 speand il EAREIS LG fle SHLRS 8] SYE B g

pi ston.is spac

its entir
| odged wi

10

15

20

a5

30

35

e maggrtityaref ddeorldngfily toydebiné sa ihes tr iayohaghatmedboe 25
thigh e AIRAE CAlrddil {HEHAkhPewdR 19 C6nfURY the channel

via the entry portion 24 of the groove, flows around the ' ‘
arcuate portion 25 of the groo#e_to exit via the exit E_}
portion 26. By suitably selecting the length of the groove

23 the desired degree of restriction of flow during a

downward movement of fhe_pistpn can be obtained. In the
embodiment shown in Figure 2 a groove of substantially

1809 arcuate extent is shown in solid lines, but this

length can be extehded up to at least 340o (as shown in

broken lines) if it is desired to increase the restriction
aforded by the groove. : _ : . .

The sroo%e 23 may be formed by any suitable
technique. : o '
| It will be observed that during upward strokes |
of_fhe piston during which the piston is spaced from the \wﬂ
restrictor member, the groove 23 is open along its entire N

length, and accordingly any debris whcih ﬁay have become
lodged within the groove can fall free and be carried away .
by the fluid sweeping past the open groove.

Referring now to Figures 3 to 5 a modified
embodiment of the invention is shown which is identical
to the embodiment of Figures 1 and 2 except that the
restrictor member'ls of Figufesli and 2 has been replaced
by a restrictor device 16A comprising a support plate 30
'and a slotted plate 31. :

The slotted plate 31 is cut from thin strip
material and, as can best be seen from Figure 5, is fofmed

with a slot 32 comprising a radially ekten&ing entry portidn,



by the .fluid sweepi ng past the open groove. Referr i ng now to Figures 3 to 5
a/ﬁbdlfled enbodi nent of the invention is shown which is identical to the
erbodi ment . of Figures 1 and 2 except that the 30 restrictor nmenber of. .
Figures 1 and 2 has been replaced by ,a restrictor device 16A conprjSis
support plate 30 and a slotted pl atel-el The slotted plate 31 is
thinstrip material and, as can best be seen fromFi gure 5, is fo
with a slot 32 conprising a radially extending entry portion 33 and an
arcuate portion 34. The arcuate portlon S |IIustrated as having an arcuate
extent of [err], but. my have.a cu Sxhent for exarrple
[err] (as mdeataé'g Wyﬁf'gktgﬁel %)‘1 %rq St aé‘ré"(?‘tte extt@hqtng' as
desired. Theidldpstratedane B@Vlms ant he'cruarbm Eixtenteloft 189% tut saydi sk
and is fornedyuith,a I digl | &3 i g‘%gm}t goh the
arcuat e portlo\%«'& gr%ﬁlt%r &5\%%%% S g:uglﬁo?t pl"'%?'e ?sl otted plate
31 are 10 sdéesr éudtisattné bYs byekend lises) tome asdiess er7 ansip e Axtent

slotted phatea3l dels§se@lai hle aPplot+SPARYE b B HRE tHPRIYrm HALL 30. The
surface of the support plate closes oné side of the slot 32 whereby the

pl ates 30, 31 Fﬁééttﬁgﬁlaeft%ka%sﬁo\%‘%ﬁ-wwe&t%aﬂf(ﬁﬁ’ﬁ'}elyentry

portion 33 toektendig hole 35 whBhgidtiens REthand Gircthil Fordlidh om
mat eri al havi gq a knggn and sutﬁhant ially constant thickness and by form ng
C

the slot 32 tdcPEs&EoREPITES
The support plate 30 and slotted plate 31 are

i—f 10 secured to the piston rod 15 by the screw 17 such that
the slotted plate 31 lies against and is supported by the
supbort plgte 30. The surfaée of'thg support plate closes
one side of the slot 32 whereby the plates 30,31 together
define a groove 36 which extends from the entry portion 33 to
15 the hole'3§. By méﬁufactpring the slotted disc 31 from .
material having a known and substantially constant
thickness and by forming the slot 32 to close tolernces the
dimensions of the groove 36 formed can be accurately
controlled more easily thaﬁ if the groofe is formed in
20 a solid restrictor member as shwon in Figures 1.and 2.
Further, by relatively rotating the plates
R 30,31 the effective length of the groove 36 i.e. the
arcuate extent of the groove 36 from the entry portion
33 to the hole 35, can be adjusted to a desired value.
25' After the desired relative position has been achieved,
the screw 17 is fully tightemed to lock the plates
relative to each other.
| It should be noted that the hole 35 is of
. sufflclently large dlameter for the contr;butlon it makes
30 to flow resistance to be very small compared with that of
the groove 36 and thus close control of the tolerences of
the hole 35 is not necessary, and the resistance to flow
provided by the restrictor device is substaﬁtially

proportional to the effective length of the groove 36.

‘=



. . . 3
di mensi ons of the groove 36 formed can be accurately controlled nore easily
fhan if the groove is fornmed in 20 a solid restrictor nenber .as shwon in
Figures 1- and 2. Further, by relatively rotating the plates 30,31-thée -. 7
ieffectlv-_length of the groove 36 i.e. the a the groove 36
fromt try portion 33 to the hol 5, ca m'fgﬂﬁ Wm a desired —\w
val ue. After the desired relativé positioen hastbeensacki eved, the
s fully tightened to | ock-the plates relative to each other. It

SCrew
shoul d be noted that the hoté 35 is of sufficiently large diameter for the
contribution it nakes 30. to flow resistance to be very small conpared

w th that of é{ﬁiqgoove 36 and thus close control of the tolerences of the
hol.e 35 i s not—mretessary, and the resistance to flow provided by the
restrictor device is substantially proportional to the effective | ength of

the groove 36y, CLAI MS 4. plston andApD$6bﬁnraﬂdaESSEBeredmﬁﬁieﬂhgy
conprising: a piston rod; a piston mount n rod; a passageway

providing a f?u?ﬂs??ﬂmfﬁgthpﬁs?lfﬁ%“pTg?B edaﬂﬁ ggf g%F?SFOFOSéVICGL t he
restrictor dexi ﬁﬂsﬂﬂdeﬂaﬁtpﬁoﬁl&ﬁngga nBlabdeflowapath gastetibl piktpnbet ween

a first position in mh égg 5§§i£%ct?ﬁed§%ggglh§?ﬁgagggcgrgghtBgsgbﬁton

and does. nota%ﬁb%taﬁ? restric passageway  an

second pos§tineing mhvehlem@hakﬂwaQOOQavaPtbersbPhWabatﬁe ir@tth the

p'StQ” to position in which the restrictor device is spaced from

o the piston and does not substantlally restrlct flow through -
the passageway and a second position in which the
restrictor device is in abutment with the plston to

10 restrict flow through-the.passageway. wherein said
restrlctlon to flow is prov1ded by an elongate channel
defined by the oppos1ng surfaces of the abutting p1ston
and restrictor dev1ce, said channel restrlctlng flow
through the passageway .

15 _
2.. A piston and piston rod assembl}-according to
claim 1 wherein thé restrictor device is fixed relative
to the piston rod and the pistdﬁ is slidable on the piston
rod to provide the relative movement between the res-

20 trictor device and the piston. .

3. - A piston and piston rod assembly according to
claim 2 wherein the restrictor device is secured to the
end of the piston rod.

25
4. A plston and plston rod assembly according
to any preceding claim wherein the channel is formed by
an elongate groove defined in the surface of the restrictor

device.
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10 restrict flow through the passageway, wherein said restriction to flow
is;pTovided by an el ongat e channel defln:ﬂdgéhéggiggg,SLngﬂsurfaces of the
abytting p|ston and restrictor device restricting flow: B
t hkough t he passageway. 15 2. A piston \“} d assenbl
accertling to claim1 wherein the restrictor ‘M m rel ati
plsﬂ&n rod and the piston is sl i dabl &on th modst o’ provid

rel ati ve novenent between the res- 20 trictor device and the pi s
A piston and piston rod assenbly according to claim2 wherein the
restrictor device is secured to the end of the piston rod. 25 4. : A

piston and pistgn rod assenfl y;igesAr §hA9pki8tanY rBbeaSdeRB1 ! akabpﬁehgin the
channel is forned bXaan el ongate groove_defined in the surface o

restrictor devik wheérein“ghg; elgneake groeyr ipgludesns yadially
according to claxﬁeﬂdmhgrenaryhpoatmaaawnlghoowaehnehadpgsaohadhalIy
ext endi ng entrygg l,ch, when R nd restrictor gev ce are in

abut ment regi st ﬁ°fh8e§iﬁ§s§5§eﬁﬁy,Lﬁﬁﬂeﬁ LPELSEET oML ichis
closed on its npasahgywepenaaddenb;rauhaadponttbn phithnishedoskd phnsties
ety hetor f6¥hE219" 8pbR RUETEY' 2 Pand on the PiBk3hOUNEATLRES! ON 1O

assenbly accordi
p1ston and restrictor device are in abutment.

t he

i o 6. A piston and piston rod assembly according
/ 10 to claim 5 wherein the restrictor device is a unitary
restrictor member and the groove includes a radially
extending exit portion which extends from the end of the
. arcuate portion remote from the entry portion of the
per@phery of the restrictor member.
15 '
7. A piston and piston rod assembly according
to claim 5 wherein the restrictor device comprises
a support plate and a slotted plate abutting the support
plate, the. slotted plate including a slot which is
20 closed on one side by the support plate to define the

entry portion and the arcuate portion of the groove.

8. A piston and piston_rod assembly according
to claim 7 wherein the support plate includes an axially
25 extending through hole which registers with the arcuate

" portion of the groove to form an exit from the channel.

9. A piston and piston rod assembly according

to claim 8 wherein the support plate and the slotted plate
30 are rotatable relative to each other to vary the position

of the hole along the arcuate portion of the groove and

thus vary the effective length of the channel. . -
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10 ,'t-o claim5 wherein the restrictor device is a unitary restrictor,
frenber and the groove includes a radially extending—exit portion whi ch _
extends fromthe end of the arcuate portion remote fromthe entry porfion 4

:of the peri phery of the restrictor nenber. 3’ u i-ston and
pi ston yogyassenbly according to clai@ 5 whe g' ,I ”'u"wy"'”mﬁr device =
conpri geg support plate and a slotted plate ablttF ng"t e support pl atew’
t he sl plate including a slot which is 20 closed on one side by the
support dte to define the entry portion and the arcuate portion of the

groove. 8. A piston and piston rod assenbly according to claim?7
wherein the support plat e ipidtolesared pmsiaiti yréd amemwngﬁubﬁmlgwmblb

whi ch regi sters  with th te ny e for oM
the channel. & herembeefoﬁg u&tscn'pg‘h pIS onl];(?%e a’g‘gée(ﬁ.{)[% C%%I 1ngg‘(l’t"‘(i) d
cl ai m 8 wher &m Ri@mqnpbrto oJ aafe thel a¢eompanyieg pqlm‘enws are rotatable
relative to each other to vary the position of the hole along the arcuate
portion of the groove and thus vary the effective |ength of the channel.

10. A piston and piston rod assenbly, substantially as hereinbefore
described with referenc8To Frgures L and 2 or Figures 3 to 5 of the
acconpanyi ng dr aw ngs.




