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Lrreerrerrerrerrerrrrrerrerrerrrrrrernrd The invention relates to a

cl osed enq?@ﬁ%}lgbg plug for blind installation in a suitabperfghpoibher eby
to plug and seal it, e.g. against high-pressure fluids. Blind installation
nmeans that the plug is installed by access through only one end of the

hole. Other types of sealing plug (e.g. those known under the trade
AVSEAL and G HK) conprise a hollow cylindrical sleeve anm\\\\m\m%\ “\h
a tapered / WMMI whi ch LI OSEBRBEND SEALINGPEUGEVE causi ng : d
radially unti M the hol'e. The principal di sadvantage of thsxs% ype
of plug is thalowhe surface finish of the tapered 10 head portion of the
‘ stemnust be controlled to a high standard to avoid a potential |eak path
bet ween the st emfehpastioneblidtbsetod aes@sﬁ.erldhe@nﬁ@ﬁlug@orﬁmwrrstdub@orhih@h standard
of surface finish is consistently achieved, the stem conponent is

nmanuf act urgiatsté hbierthérsbye Rl flud andseditf ¢.gragairsehighiprésshasiadd)i Blimdqual ity
surface finish, or else it is machined frombar so that the high quality

surface fijnitsifatibs nieaRs HeethePlud 8 thstBIehibyidaseRfodbh @Rly dRatdnd BB ttefhdidiese
met hods have a cost penalty and it is désirable froma cost point of view

to manufacture diher hedidbamty tlud & &itRde Krdln\Wnder tBin@emarkd v S Uaded to
have special high quality surface finish. One way of achieving this is to

have a ~ cligsedicenR) clRsiset MIBHRYIndiBS! SRR G PRGN 2 tadeled Hlg shape of
a can instead of a hollow cylindér. However, earlier 20 designs of such

cl osed end,opididshictPisSral RESineiRe0e icé‘ue.@iﬁ% RBL43RAB raslyRiAPRls te@hbien No
9908304, whil st satisfying the need not 1o use special quality wire for the

stem haverﬁevmmhgaﬁdi@éuvaﬁ@@ébfimtﬁgéof ;ﬁ&g@tth%tné)%&%tsh%fm?%en of the
sl eeve is achieved by drawing the tapered stem head conpletely through and

out ofyot henelé%;?rt%dfnfe éérﬁew&tbé%ntrzcgaegwamgnt dhdie dvdidepassRi idak | ong

in order to Imse Its retention orce wthin the hol e belng plugged.

I
secondly, oSk ARSAAYaHE, b A L it Belupdyd glvced
PCTICHOL AR Ml ol e o U6 Bor kOIS ool 4
O ) L RS Vol SRR USRS I b KBt bl e
v e RAESSSONcoiy AR RS St e lcthbanparmctomun Lo

pl ugs llseakof%ﬁ?%ﬁgé?;ﬂ%e'a%’&s%?%ﬁg%ﬁé it%‘g?ﬁi%leef}’d’rﬁ‘a%stfﬁbﬁaﬁ%?’vigwtto of

engagenment w ol e 'using tively Tow pressures. e object of the

present i wsﬂkgcgnrxgﬁe Egnpﬁafa;dnaiﬁ@nﬁhsﬁmreemicnkg%t B4 QY REedRSiaf hese

defi ci enci es. cordin resent 1 nvention provides, 1'n one of its

aspects, . |, Lo si.defined in claiml. Further preferred features
of the inagﬁfﬁgﬂmg?gk@gpﬁﬁgd inclains 2 to 7. A specific enbodi nent of the

of the i nveR(| fi e e o
aceanpanyi ng. dr e HaL0! s R eHa B X EPRet O ARl aR BB B SR 1T

are sections throug al'ng
i and t he

shet 1 and fidondhs i8th hashald 8td ofh ihd8hd BEL RY o%J‘épli_Yﬁ%%rp 1jledbr, 38! ©

n
. |
stem bei ng"'shiown i n el evat' e draw ngs, ws a plug
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;he pI]chg,I i sim _ ure ows a sl 'y nodified
Riig‘r?L § t 'iﬁ?@&#ﬁé’%ifd%#%%'ﬁiﬁ*g%é%ﬁgﬁ‘ééi@% ?Pﬁgéﬂfaeﬁﬁ%&%fﬂ@s@%% "8 stem
2 [ ' ' . . 3 . 4
has d ﬁn?%?féeﬁﬁv%éﬁ?ﬁ%ﬁ%‘%hﬁ@"ﬂm olstl Bed a%@%r“%?%*‘se%ﬂﬁ?a‘?é@%‘sEﬁrati on
5 whi . . .

o e B RBRSrldloda SUAT AL Akt M ONEn b i o 7
“The onl ar gb8 Soverf Cour b in FRERS B0 IR Pl paRs b et veer

25  force within the hole being plugged. Secondly, the stem tapered head is drawn

completely through the reduced bore section of the sleeve and removed, and the whole



WD 01/ 86190 PCT/ GBOL/ 01927 shoul der 8. The circunferential surface of the
enl arged portion 5 of the head is slightly tapered. The open end of the
sleeve 1 {(\® fi%%iwd with a relatively short internal chanfecrdpomidie stem
pul ling portion 7 has conventional pulling grooves 9 for engagenent with a
conventional blind rivet installation tool. The sleeve 1 is manufactured
fromrelatively soft material such as alumnium and the stem2 is nade
fromrelatively hard naterial such as steel. The sleeve 1 is assenbled onto
t he st em 3tdmmisstisdardedidherefoie, théreiend rereaining salisitare ta thefinghled\piugralirer i al
against at least the radially outer part of the shoulder 8 on the stem
head. Fi gueiffectdf finisstoahew plgreptendegnesiofi atasiin réquyend dfde expanded sleévenhach t he
annul ar nosepiece 10 is the leading part, and inserted into the hole 11 of
wor kpi ece wbld Bétherase fiittec gtetmadsad podionceainaipedjireitiei steevi 2ftet installadiad] amisedge
of which is of a smaller dianeter 15 than the bore chanfer 14 of the sleeve
1. Noset i phelCadeasithathp pogseot inmgntions $hase edrliermesigps ichplags panatoan to bave &
within the hole 11, which has the effect of recessing the plug within the
hol e 13, sedudedtefficemcpbiiguggiegvim dthérsvardd,isoaiefimes the plughieakat relatitely t he

| ength of the sleeve being |less than the thickness of the workpiece 12. The
i nst al | at ilempteselires @ndfcan beert Ho®rasanoubd of gngagecthehbwittntedidle beirpletdtiealyri vet s
or 20 lockbolts. It includes pulling jaws (not shown) for gripping the

pr ot r udi ndowbtegsseem by engagi ng the pulling grooves 9, the jaws being
retracted away fromthe toot nosepiece 10. The nosepiece reaction force is
agai nst the opanetsisie@bof theepredememneedtiondotd fravidaa digveteadipng wiesrsi on force
is applied to the stem2 with respect to the sleeve 1. Thus, referring to
Fi gure 3, owbedmicbehdsealefitienciper ated, the stem 2 is drawn into 25 nosepi ece
10 and thus the stem head enlarged portion 5 is drawn towards the tool
nosepiléce 10. Treotdindly, #He meéatinvehtidprovidés, imofi@oties ddpects| £eainholg
chanfer 14 against the 3 VWO 01/ 86190 PCT/ GBO1/ 01927 nosepi ece coni cal
proj ect i oras@findintd@mpiul 1 i ng force increases, the sleeve material in the
region 16 around the nosepiece conical portion 13 is forced radially

outwards into dupher grefdradifeatliicl of the isventias aredefinBe iMmélhitnsldio 7The
conpressive force between the shoul der 8 of the stem head and t he nosepi ece

i ncreases, caud sgkcifidenitridinériiof the im@nBoPwill beddesthifedbyeRue of examiphcaride

portions 3 and 6 of the stem) to expand to fill the hole in this region. As
the Toad fwithtréR¥ericeas ers&omiplRyisd SRWgIRWRICh ale sdttidns trdughl Ssaalieg prg, har d
agai nst the surface of the hole into close engagenent. Up to this point the

abut mgst  ahe SN SHdgRivEf ERtiRStalIRKoR I BSihg SHEWH Bedxidh seiohnbithd §Bin Behgsust ai n
the load. Referring to Figure 4, as the installation tool applies even

great er f ghe®ntPelehstiohO i tHRNralings,abut nent face of the sleeve begins to
plastically yield under the pressure of the shoulder 8. This creates an

even greater rahat 1phews Wiudedfearet he sl eeve and the hole in region 18
around the upper half of the sleeve 1. The increasing pulling | oad causes

the head 4 to rmyiRes ory\8EHOW 8Liedesyige El@ﬁéé’lﬁ‘n thé aR¥MatibreaMhagiug, cavity 21
behind it. The enlarged portion 5 of the stemhead has a conical surface
20, and as thi Figuge @rigwhilar fo Figre 40U sEeWLa SfigHal niduiedl fomy 6f plu@dnacent its
open end, the conical form20 has the effect of creating a substanti al

increage in thq:i?yéﬁa,ggn@h@m@tb?mr]:iglnga,sl eeve and the hole 11 in zone
19 adj acent the Teading end of head enlarged part 5. As the installation

tool continues Ré?e@iﬁ%'td’F‘ uRH lthd8luh eafiplisestd8osdPend $188d Pakh 4 BiereRses to
the point where the breakneck 3 on"the stemfractures. The tool with

nosepi ece yicihida WBSkdrealpottiisn #a 1@ 6f Bieakriek 3t efRelidhnBgd PARELRN 7, are
renoved fromthe workpiece, |eaving the stem head portion 4 securely

retai ned idnidrb&d harabRk laRd aoribn Aitshdihté theMdritbed portich BRAKREE t 0 ot her
sealing plugs referred to earlier, a relatively sSmall anmount of axi al

_nhovenent  QfredihRcie B ORMiLIS isHdbbiaftiR thd Sarkd BRhR S sahé BGllihY BorEsRY ob@kween t he

plug and the hole. The extent of "'the stem novenent can be gauged fromthe

| engt hsof didi. FRe ERBRILH Jodtidhey hdgits?drclimidrbiftia? tRE'Y0 dighiHaSer8d, asBfoanse the

stem head portion 4 is
The transition between the enlarged portion 5 and the portion 6 is in the form of a



securely retained within the installed plug, any radial relaxation of the
sleeve is to a large 4 WO 01/ 8GLl90 PCT/ GBOLl/ 01927 extent prevented) thus
the high Haslhde19yy essures between the sl eeve and the hol e phigRopsS27
generated during the installation operation of the plug are retained in the
installed plug to a greater extent than if the stem head were not retained
inthe installed plug. Figures 6 and 7 show a possible nodification of the
design of the stemhead. In 5 this case the stem head portion 6 is provided
wi t h an arshollder &r Dloverdhfedhtal sntfadehof tehenlbided p8rtionibeofjiiue pesids efightlie
groove 22 is to allow sleeve material to flowinto it as the stemis drawn
into the dhmesd, creating a ring of material 23 which assists in the
retention of the stemwthin the sleeve on the installed plug.

Al ternatively, Thesipehlead offHeestdeve dus ébrined prithduetdivély shat intgna cham@arse t aper
on the head portion 6, instead of a groove. 10 The sealing plug of the

f oregoi ng ©@xanple w Il provide enhanced strength of sealing. For exanple, a
pl ug designed to seal a hole of 8mmdianmeter will, when properly install ed,
resi st 5a pressuthe stém plting p6Rion Baas chventions puiling grebvest forasigagarhest to the
details of the foregoing exanpl e and possi bl e nodifications. V1' O

01/ 8G190 R@GH ££H¥hVERIHAT biddAVEndtallfiopesdil ng plug for blind installation in
a suitable hole thereby to plug and seal the hole, which sealing plug

conprises: 5 aTheagdtveay mpupRRIréfomreapdly sofSiamriBiasichasaluaddmat | east
part of which is radially enlarged with respect to the remai nder of the

stem the sene bead2 Rehad Morhhélativielyehard ARYRI2RBEEH destééiem prot ruding from
t he open end of the sleeve by passing through a part of the sleeve which

has an i nt er nalThersiseve 10s 966drhERbntE itHERSE MONinl RSk atvidithbtakredd ah he stem
head; the stem head having a shoul der) and there being an abut nent of

s| eeve QMatadiinnt b materibPafainst BBlesthetddlallp sLRF ﬁmm thefshbl@ersdhew! der ;
the stem head being of a material which is harder than that of the sleeve

and bei ng ihoEERAMMML h a weakened portion at a position internediate the
head and the 15 part of the stemrenote therefrom whereby, when the

seal ing plug i Figireerdheds it Au§ ehdRfekon er%ta||\a4.émtobh& m.@heme afRbibF el y
within the hole, and increasing tension force is applied to the stemwth

respect tqdshiedd $@Kane alMg fERTBRERSERNY ih® tAPRbleed dwdrkifeemauldRr to the
sl eeve material abutting it, thereby causing the sleeve to deform and

expand r adjogbpidcd @as?aec@rngaa@aa,auubh 181fe Mdldthg @ dreicpas bes sﬁqamer%ﬁaeﬁet&r eaks
at the weakened portion so that the head renains within the sleeve. 2. A

seal i ng pliksh fhe bor@tRERGret 14 éf b Blebve H N NOBEHIM 0 Bss §bﬁﬂédﬁﬁ?@o$§15 aper ed
t her eby to assist in the radial expansion of the adjacent part of the

sl eeve. fpﬁro‘iﬁiéle' QEmled i RNihIndth&Bele! 17, WhizhRa tiY effdcibifedessing th\@'pﬁxlﬁ the
open end of the sleeve 25 is provided wth an i nternal chanfer. WO 01

186190 PCT{ieRne hbi211, 4o u&ﬁﬁ@bm@gnee&éw'saéﬁﬁéugmﬁﬂ thé\h&iha'mhéqedgih which the

internal chanfer of the sleeve cooperates wth a conical projection on the
nosepi ece i sfBfe b&RY Pésls%dnqnew&éne@oﬂtn@%ﬁgd.é& fension force is applied

to the stemwth respect to the sleeve to create
The installation tool is of the type commonly used to install breakstem rivets or
20  lockbolts. It includes pulling jaws (not shown) for gripping the protruding plug stem by
engaging the pulling grooves 9, the jaws being retracted away from the tool nosepiece
10. The nosepiece reaction force is against the open end of the sleeve 1, so that an
increasing tension force is applied to the stem 2 with respect to the sleeve 1.
Thus, referring to Figure 3, when the tool is operated, the stem 2 is drawn into

25 nosepiece 10 and thus the stem head enlarged portion 5 is drawn towards the tool

nosepiece 10. The initial effect of this is to force the sleeve bore chamfer 14 against the



radi al expansion of the plug in the region near the open end of the sleeve.
55 A sealing plug as claimed in any of the preceding clains, in which the
head is ﬁ% fhowi th a I ocking portion of reduced cross- q@g@@gwﬁﬂnn7
dlnenS|on? ereb when the sleeve is deforned as aforesaid, material of

t he sl eeve at Ieast partially enters the [ ocking portion to assist in

| ocking the head into the deforned sleeve. 6. A sealing plug as clained in
claim4, in which the |ocking portion is provided by an 10 annul ar groove.

7. A seal indgeédtdcortcalpdjettsh 1R A GiePullingi frceliictdadel Ethk @R E thadéHd ion i s
provi ded by a reverse taper on part of the head. 8. A sealing plug,

substanti ahd pegitsh 164r6UMPEIE dloSesiesCednnepyrtibh 18 &f RFRAGEdIER oliErdslittyst r at ed
in, the acconpanying drawi ngs. 7 .As.AFs2. As.As. A". A{.As":cdec”r =) 1=L e

t close contact with the surface of the hole 11. The compressive force between the

~xsni d_ZU] ca] ca] ca] ca] ca] ca] cal] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] cajJcaJcalc
a] ca] ca] cghgadcsaMhé sehrthaaddraihahesadisr]if@badds, #Be material in zone
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the shoulder 8. This creates an even greater radial pressure between the sleeve and

the hole in region 18 around the upper haif of_the sleeve 1. The increasing pulling load
causes the head 4 to move forward relative to the sleeve, leaving a cavity 21 behind it.
The enlarged portion 5 of the stem head has a conical surface 20, and as this is drawn

15 into the zone 18 of the sleeve 1 adjacent its open end, the conical form 20 has the effect
of creating a substantial increase in the surface pressure between the sleeve and the
hole 11 in zone 19 adjacent the leading end of head enlarged part 5. As the installation
tool continues to apply a pulling load to the stem, the load increases to the point where
the breakneck 3 on the stem fractures. The toal with nosepiece 10,with the tool jaws

20 holding the stem pulling portion 7, are removed from the workpiece, leaving the stem
head portion 4 securely retained in the installed plug, as shown in Figure 5.

Compared to other sealing plugs referred to earlier, a relatively small amount of
axial movement of the stem is sufficient to create an effective seal between the plug and
the hole. The extent of the stem movement can be gauged from the length of the

25 remaining cavity 21 in the sleeve (Figure 5)., Because the stem head portion 4 is

securely retained within the installed plug, any radial relaxation of the sleeve is to a large
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h&' ( ) 10%gsy to)ar gréStebextent than if the stem head were not retained in the instailed plug.
Figures 6 and 7 show a possible modification of the design of the stem head. In
5 this case the stem head portion 6 is provided with an annular groove 22 adjacent the
shoulder 8. The purpose of the groove 22 is to allow sleeve material to flow into it as the
stem is drawn into the sieeve, creating a ring of material 23 which assists in the retention
of the stem within the sleeve on the installed plug. Alternatively, a similar effect could be
produced by having a reverse taper on the head portion 6, instead of a groove.
10 The sealing plug of the foregoing example will provide enhanced strength of

sealing. For example, a plug designed to seal a hole of 8mm diameter will, when
properly installed, resist a pressure of about 600 bar.

The invention is not restricted to the details of the foregoing example and

possible modifications.
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1. A sealing plug for blind installation in a suitable hole thereby to plug and seal the
hole, which sealing plug comprises:
5 a sleeve having one end closed;
a stem having a head at least part of which is radially enlarged with respect to
the remainder of the stem;
the stem head being within the sieeve and the stem protruding from the open end
of the sleeve by passing through a part of the sleeve which has an internal cross-
10 sectional dimension less that that of the stem head;
the stem head having a shoulder, and there being an abutment of sleeve material
against at least the radially outer part of the shoulder,;
the stem head being of a material which is harder than that of the sleeve and
being formed with a weakened portion at a position intermediate the head and the
15 part of the stem remote therefrom;
whereby, when the sealing plug is inserted in a suitable hole, with the sieeve
entirely within the hole, and increasing tension force is applied to the stem with
respect to the sleeve, axial compression is applied by the shoulder to the sleeve
material abutting it, thereby causing the sleeve to deform and expand radially to
20 engage with the hole, and thereafter the stem breaks at the weakened portion so that
the head remains within the sleeve.
2. A sealing plug as claimed in claim 1, in which the stem head is tapered, thereby to
assist in the radial expansion of the adjacent part of the sleeve.
3. A sealing plug as claimed in claim 1 or claim 2, in which the open end of the sleeve

25 is provided with an internal chamfer.
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5 5. Asealing plug as claimed in any of the preceding claims, in which the head is
provided with a locking portion of reduced cross-sectional dimension, whereby, when
the sleeve is deformed as aforesaid, material of the sieeve at least partially enters
the locking portion to assist in locking the head into the deformed sleeve.

6. A sealing plug as claimed in claim 4, in which the locking portion is provided by an
10 annular groove.
7. A sealing plug as claimed in claim 4, in which the locking portion is provided by a
reverse taper on part of the head.
8. A sealing plug, substantially as hereinbefore described with reference to, and

illustrated in, the accompanying drawings.



