227649 JO NI NG OF SPACEFRAME COVPONENTS The  present invention relates to
conponents for use in in the construction of spaceframe. The .general
principles of spaceframe  structure made from an 5 i nt-er connect ed

network of chord nenbers, such as tubes and shafts, and nodes is well

known and various systems have been described in the |iteratugezang (g’sqgg_ci
I n practice for the construction of roofs and tenp structures

such as exhibition stands. Two RINENG e e y be built up
fromsuch networks and used to formfor 10 exarrple trlangul ar beams and £

gr;gg];r{e??ym‘(lj'splugal P uc co%@%ﬁrﬁ%@%s C%Pg%gn;ers%de fTo C&%ﬁﬁ"ﬁm

steel pile. Al tRQgughasafedndal pes may be~hot” dip gal vanised to protect the
surface from corrsion, this protection may not conpletely extend to the 15
hol | ow i nsi de of the pipe, since there will be air in the pipe when it is
dipped into the Zhec batdral Tpeireiplescorofosispacefremai nstrachres| emade t hfxny an

type of steel caomponent It is therefore preferable to use an

intrinsicallyp cof - i Betarrk nefi HPEH TEERTRs B RS ofnch yElRses, and

t he spacefrane Thi as a fu ther advan S el.y .20
| i ght wei ght 5’%%)@5 epg% %yét%q% gs‘@es %d %ﬁﬁ’#’ﬁdbﬂn the

extrusi on. Techniepbrpiabl 95 @e&olﬁrbﬁé‘cdlaetﬁsrﬁ@ﬁléaﬂ Off Nees OBRRELHE M of
of the chord nenbers to the nodes. Dependi ng upon the structure, 1t may
be necessary to coofeandasemayanys stiveiuees such s Eabilsition standsyl e Twoder 2iree
In order that this should be possible, it is necessary to ke@er%at he_desi gn

of the joint bet dmmsieeal FnberbuAs whErEs c 1 to fom for §
10 example triangular beams and roofing mede up of barrel vaults or domes

using gecdesic or axch girder geametry.

Typically such constructions use chord members mede from tubular stesl
pile. Althouh such pipes may be hot dip galvemised to protect the
surface ﬁcm corrosion, this protection may not oompletely extend to the
15 hollow inside of the pipe, since there will be air in the pipe when it is
dipped into the zinc bath. Therefore corrosion remains a problem with
.anytype_ofsteelcmpma'rt. Itistl'mefcsreprefé:ableto_usean
intrinsically corrosion resistamt material such as aluminium alloy for
the spaceframe menbers. This has a further advantage as it is relatively
20 lightweight and chord members can be produced to any desired length by

'mdm@lpmblaxsalsoansemthedesmofuaeoamcamofde
chordmarbersx:othenodes Depend:mgtpcnthestructure it may ke
necessaxytoccnmectasnanyastwelvednrdnatbastoasmgle_node.
25 In oxrder that this should be possible, it is necessary to keep the design
of the joint between the cdhxrd member and the node as ocompact as

possible.



pdssi bl e. ‘2 Since spacefranmes are frequently used ip tenporary
structures, it is also desirable that in the connection be de-nountable so
that the conponents can be re-used. Neverthel ess,-.the joint nust:not work

| oose as a result of vibration of the structure. 5 The joint to be
described is intended with a node of conventPonal design which is
essentially a spherical or polygonal alum niumnode in which threaded

recesses have been prep-hored: at the require _ori,WWr. 0: ., .
al | ow_assenbl y M#@%ﬂ%%o&&%@mr‘?%f’t e "noae. ar| (%sls also

j oi nty~desi gns h J-Jpqﬁgg gest Sn'-n%cﬁ-:‘&i’ bCaL-mBiteh1al do At Ofhed Bfdnehts
hel d ‘c%ptive by%r?s ead&?é% t%ﬁeﬂ%n of a cl F)Hseegétubul ar chord nmenber. The
captive bolt hagai bdreased. embvabtielless, the ejoint must excthwaddddosmias afreshlt
node. The bolt is rotated by neans of ™ hut carried on the outside. This
type of joint ioEsvidwaticer o thapstaurpmes- A- 4313687, 15 4872779, 4991371,
5051019, 5054950, GB- A-2243852, WO A-91/12383 and EP-A- 0461450. In all

these joints there i.s.either the ris h t Ollési’vi I
of engagrrentsvmﬁﬁetﬁ I?ihetﬁ%g%ﬁ%eéofﬁ hié%éré/e er or rréé:létrlgsaérru; E)eOf
provided for perRARRIdNLISCeUibRT WA 18 RASiiHETA! at igpherit=0l dh

menber. This nmakes the chord nenbers 20 with their integral joint conpnents
rel atively expeatimvisianchodestini which thresledofeassses) havwbbean arepagredgat the

| engths - which restricts the designs that cap readily_be [nplenented.. The
nut assenbly us&aduized ereatatiens in order to allow asserbly of "the required i

members to the node.

\ot | |

10 Various joint designs have been suggested. In a typical prior art design
a bolt is held captive by its head in the end of a closed tubular chord
menber. The captive kolt has a threaded end which is received in a
' thweaded bore of the mode. The bolt is rotated by means of a mit carried
on the cutside. This type of joint is shown for exanple in US-A-4313687,

15 4872779, 4991371, 5051019, 5054950, GB-A-2243852, WO-A-91/12383 and EP-A-

' 0461450. Inalltlmejoizrtsthaéiseiﬂgrﬂ:exis}cthattluecaptive
bolt will fall out of engagement with the hole in the end of the chord
member or means nust be provided for pemmemently securing the bolt in
position at the end of the chord member. This mekes the chord members

20 with their integral joint components relatively expensive and restricts
the use of chord members of varying lengths - which restricts the designs
that can readily be implemented. The mut assembly used to rotate the
__boltjnozdertonakeandxeleasetmccmectimisoftenofcmplac
‘design in arder to veduce the risk of the joint working locose.

25 A joint design for use with steel space frame members is disclosed in GB-
A-2197417. ‘This des:.gn required a threaded projection to ke welded to
. the end of a chord member. In this joint design all of the components of
which were made of steel which was prefersbly hot-galvanised as part of



bolt in order to nake and rel ease the oonnectlon is often of conpl ex de5|gn
.in order to reduce the risk of the jOInt wor ki ng | oose. 25 A joint design
for use with steel space frame nenbers is disclosed in GB--A-2197417. This
design required a threaded projection to be welded to the end of a chord
nmenber. In this joint design all of th@ conmponents of which were nade of
steel which was preferably hot- galvanlsed as part of the manufacturing

Pnrs(r)rggfsl n'@& 3 The resent anentloa grow s an al ugi Qi ug al?l gén"hord @d
EPSISCFF%% g?orr?tra&d%;t one en‘gr'L ‘ﬁ%e?ﬁg chor ‘I %’Q‘%

having a %o at hbw;deﬂ Wieich gHApjcift asderbbye Icewmprisest & ﬁmeddéchr
projection, and a bolt having a head and a threaded end,. ada ted to be _

recei ved it Eaﬁ@ﬁe@@sgﬁnﬂdneﬁeﬂ#hmm hea b
retained in the bore of th buhlnwar of t.nhe thr ae ectl of the_ ;
chordnﬁrenﬁg‘re?%dug%‘e %Pg es?ﬁ"%‘g/%ﬁ? Eiogull o rmea i ?Cg:llﬁ\'eaéﬁo

menber an ?%Qn? n%,& &ﬁé&% c er%: Ledn tge _
node are of differ ng pitc The u'se\@'#.i Ium %léuir)ng al oy ch%?d

nmenber al thweadeieriduicsadieda mecttmmea@ b uhat boltalbejind Gretatihdd i@oBhs ast
to the design shown in GB-A-2197417 where the: threaded FQQOJ ection - was . .
wel ded t oberR q,fhehelh:ehbwardtmef mrjectiom P ates

breaki ng or naki r&g q] onnect }ereaaet w%gn thg I! O'tf'xe §ss§nbl aarg gjether

the chor d Heftdr t
10 hJsharxithetImeadv&nchcamectstheboltandthemdeaxeofdlffenng U-

pitches.

 to ke mtegzally fcn:med by c::ntrast to the Chﬁlgn shown m GB—A-2197417'
\merethethzeadedpzqectlcnwasweldedtothedmdnarber The use of

15 dlffen:gpltdmfacﬂltatesbzealcmormhrgﬂncmmectmbetwem'
thegomtassa:blyarﬁeltrerthédmdnmberorthemdemtmm
dlsttnbmgthectlmmzectm |

The bush and bolt are p.r.efaably also formed of aluminium alloy.

Anenbodmetoftheumentlmmllmwbedwmbed byvayofexarrple o
20 mly,w;threfaencetotheaccmpmymgd:agxarmatlcdxmngsm '
‘which:

Figmellsalmuﬁ:nalsectlmttnuzghadmdnmberfltted
mthjo:mtasserbllesateltherend

_Figtnezlsatransversecrosssectmtrmmghthedmdumberof
25 Figure 1; ' : '

Figure 3lsa1mg:|.tud1nalsect1mtlnaxghabush,
» : - ' R



disturbing the other connection. The bush and bolt are preferably al so
forimed of alum niumalloy. An enbodi nent of the invention wll now be
descri bed, by way of exanple 20 only, with reference to the
drawi ngs, in which: Figure 1 is a |longitudinal section through a chord
menber fitted with joint assenblies at eitherL@nd; Figure 2 is a
transverse erse cross-section tnrough the chord nenber of 25

Figure 1; Figure 3 is.a longitudihal sect Eggﬁgg bush Figure 4
is a_side view of a ?ﬁ@&ﬁagr | 8k§pls perspettlve vi ew of the
t hreat®d bush and shoul der boIt 10|nt assenbly; and Figure 6 is a

perspeCtive view shomnggx@ $hard 96SO{E o £ Threaded bush BAECRNIder
y

nmeans of a joint asse The essential building bl ocks of a spacefrane
structure are chord relbejein? amserbiyses¥4’ The chord members 2 are
connected to nodes 4 by neans of joints each nmade up of an assenbly of a
coni cal threaded bush 6 and a shoul der polt, 8. The basis chord ne r.2
is an extruded al uni FRERE 3§ & BERRFEHE, AL FHAIY, ¢ massgﬁedto

prolectlonssat each %PH&%QbyEQS&?cE%Q?EﬁﬁtQgﬁaﬁﬁy

The essential buikﬁngnhkiks of a spaceframe structure are chord members

2 and nodes 4. The chord members 2 are camected to nodes 4 by means of

joints each made up of am assenbly of a conical threaded bush 6 and a
s shoulder bolt 8. |

(jﬂ



formed wth various dianeters in dependence upon the load on the b
structure. As shown in Figure 2 the tubular pipe 12 of the chord nember 2
is formed of two concentric cylinders 14, 16 joined together by spaced

. webbs 18. This type of construction is i deal for both conpression and

- tension applications. The radius of ingftia can be adjusted according to
the design requirenments by varying the dlaneter. and thicknesses of the two
concent The hapisnehord members 2 Tise annﬁe?ruésﬁcmneumanmetubulermipe .

rei nf or péhelYwhdficht&4ftld pidfectiond Qgeéac}F eRi Tl efhéde RELKGRNEayY R
Junctlogqrof eth webb, 18 V\4]ta t he ipner, Ilnder 16 in order to facilith

ext rusi BAFUSE (HERYARLeUs diamgrers n6? depce yaeR j thectiogds agr thee vvebbs '
Wi t h bogtrueyhiederss ashownadn uBsgrte ancthet habumbtpﬁpelsz ofethé aaﬁf:ed -

out war dI t b r d det of the

cross- sect blegnkmlasv%rlme gf aeg,g €§A&\§l‘%ﬁ ‘t‘&]&ssg{'r?gfdagf%'?yg t8§? L'F ion of °

the sebi spacedn Vabgsn ﬂBeanThisangtms ofi t@natmﬁﬂst dat ideadssforechdtbnal

profi CeophiBsiily Qifa! heRarRl a%b?i@&%&@s Hhelr8d IS ;dfde%eww @ gt ernal
threa

| eft ha in_th These 't hrea roj-ections engage
with a adivsted |3ccorfingide ithe edesignpsrquisenenis anvermm the diameteq to form |

the joi 4id ansaisyedIPRRE WoChSicknERIRyl AMdra NQdes. The bush 6 has a
cylindrical part surrounding a first cylindrical bore 22 which.adjoins a -

smal | er di ameter coaxial second bore 21 to provide-a conplete through bore.
The outEre ;janbroéortchettiﬁhyhﬂ}wenwtise riednfor2edi by cxddi tidna} shiapedt. The

t hr ead Qﬂg I LA f 4kh ihst
i nter naf1 rgeigffl)ﬁ&gre gP%'Stégggfﬁgw%gga%n&ft\é?gtﬁfem%ege& lﬁ’or}rso#"i;felﬂ bﬂe@e flan &e
or headimnerorylindeshd6| Herorger t tg. favhlelt@ﬁeuemﬁlsw t°f8 the,grembey | ddr i cal

part 26y 68 gyt dfal 1Y §RcIRE &1 AhgCwbsaRTe idoth! OPRlErvidAi N the.
second bore 21 |n he

ra 1ussed the webbs 18 are tapered outwardly.. It will be
appreciated that the dlmension and detail of the cross—section may be
adjusted to allow for satisfactory extrus1on of the. _sectlon in

significant lengths with a consistent cross-sectional profile.

The hollov threaded projections 10 are'provided:wifh an-eiternal left
hand thread in fhis'embddiment. These threaded prOJections 10 engage |
with a similarly threaded 1nternal bore of the bush 6 whlch is used to
form the joint assembly between a chord member and a node.

The bush 6 has a cylindrical part surrounding a first cylindrical bore
22 which adjoins a smaller diameter coaxial'second_bbre Zi,to'provide a
complete through bore. The outer part of the bush adjacent-theebore'ZI
is conically shaped. The thread 20 on the bush does not extend the
whole height of this first internal bore 22 in order to allow space for
the reception of a base flange or head 24 of the shouider bolt 8.

The shoulder bolt 8 has a cylindrical part 26 which extende from the o
base flange 24 and fits loosely within the second bore 21 in the |
threaded bush. The height of the cylindrical section 26 eof the

shoulder bolt 8 is such that when inserted vithin the internal'bore 22

of the bush 6 with the base flange at the top of .bore 22, the section



t htreaded bush. ~ The height of the cylindrical section 26 of the

shoul der bolt 8 is such fthat when inserted within the internal bore 22 of
the bush 6 with the base flange at the top of bore 22, the section 26
proj ects.by, in this enbodinent, about half its length. On this projecting
part two opposite flats 28 are fornmed in ord to allow the shoul der bolt
to be gripped by a wench or spanner sleeve for assenbly and di sassenbly of

the c;gnﬁct .26 pﬂﬁfe%ﬁnb}‘,fd'leiéi Qﬁlﬁaéﬂﬁﬁﬁhéﬂt am_oﬁheheﬁl.(fdﬁtlé: lerigth. Cybn ndhizs%al
part as a _Ssgcr Wt I eaded en I ns t c I rirca art
at a ‘ghoul deP* g I’?BB“J Fi tshgﬂaa’iehig’é"lf t?ﬁ%gre%(?&ﬁﬁ’én'ih

whi ch engageshqulldlaraba:lar te shpo igutii ppdt by emdvciencia qresmeSZSleevehéom(a“eldblyThe ,
node 4 is ang@ WEAkUmAly! ¥ il Xohn g&;r‘;b’ﬂ gtv?e%RrQ fél%'tyaQQéHb'l? the

radial threaded recesses are provil er to a any requflr
confi gur ati oReds 4horfiens ieal coavd tzégé@ﬁea a@reﬁrhéhﬁw{ed Thé §Q|rvlwér of

the sphere iggygabi pré Hl"ihdﬁfka@f PHPE BAGH rae%ﬁsme& deerm{eo eRf 030 Oieasaa

seat for the ¢ der 27 of t | i ndrica art 26 of the
shoul der bol Fightfiehd t?'-f 1943. Ao th 5 epbpdinrt Wgheﬁ/ S8 &"/F'E i RobrespPaiinEyn
the surface clirdadeisEheecestd 32 1l lthevmdder4greater tol erance of fitting and
facilitates manufacture. The size of the spherical node 4 is determ ned by
the magnitude of the forces to be transmtted across it. The size is al so
dictated by The nedel #o #svoamn adumirnfiumemidopetsphere t i whichusppioprdately

menbers conngglfduted Qi 0 Mredded® tdEdsdel &id %Woﬁde%“% Sldes! w%tlwsargo
be built froma sSet of conponents, It I s desirable to provide a standar
ranq\zof required configuration of chord members to come together at the node.

The surface of the sphere is machined flat 34 around each recess in
‘order to provide a seat for the corresponding shoulder 27 of the
cylindrical part 26 of the shoulder bolt 8 where it joins the threaded
- end 30. Provision of flats on the surface of the sphere also allows
for greater tolerance of fitting and facilitates manufacture.

The size of the sphefical node 4 is determined by the magnitude of the
forces to be transmitted across it. The size is also dictated by the
need to avoid interference between the various chord members connected
‘to the node. In order to allow a range of structures to be built from
a set of components, it is desirable to provide a standard range of
sizes for the node and chord members. A suggested range includes chord
v members and corresponding joint assemblies which have diameters of 38
- mm, 42 mm, 48 mm, 60 mm, 75 mm, 89 mm and 101 mm. This range is quoted
- by way of example only and larger sizes could ;eadily be produced.

Six spaced blind bores 40 are provided around the external periphery of
the cylindrical part of the conical bush 6. These blind bores allow
the conical bush to be gripped firmly by an appropriate tool in order
to assemble and disassemble the connection between the joint assembly
and a chord member.

The use of screw threads of opposite senses in the two parts of the
joint assembly enables the two connections to be assembled and
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sizes for the node and chord nenbers. A suggested range includes chord
menber sTand correspondi ng joint assenblies which have dianeters of 38 nm

42 mm 48 mm 60 nm 75 nm .89 nmand 101 nm :This range is quoted by way
of ~exanpl e only and | arger sizes could readlly be produced. Six spaced

bl i nd bores 40 are provided around the ernal periphery of the
~cylindrical part of the conical bush 6. Zhese blind bores allow the conlcaI 

bush toaﬁ%sgémréadlﬁderp@hdemya& %aeramha{re 1a9hod Qrﬂ&rt hana@@2heedY € and
dlsassenbligt e, connecti on hetween the j.oint aﬁiﬁ c?éﬁf a chord menber .
e

The usehast bgen dfscriledifopr the, saanqcdion Retveen Bswber gndthe | oi iff
assenbl yustpalk esi Xihdet wpprevineed i thas th)id:)ehoasaen@aa(i—z@nd ‘handditheesenbl €. .

d t | t h Al th and thrgad has .'i
descr DAt FaPlorfi Shuiet \BedvPhe Rand TR o oI (FERSRERR | ¢ i
be apprisiveerd theat bellti sandulngdee andr i tiis hamild hrequi.reHo\zM/ense tdfi s woul d*
req“' M Ehdh- E%&ﬁqd&ﬁn%od@reaﬂso%ifeaﬁoﬁﬁﬁﬂ%o@h@e @ﬁé‘é‘ fh%hekasead%nd node

and this urre. th use st an nodes

maki ng commectings ahefshafite? o thedshrendsd bushy 6 gad sﬂ@f shoulder; helty eaded
bush 6 @mcthbh@odﬂmumafppbeﬁe @ehSed,N@tNIQ14oi prFRpOsId Qosmae te i s also

prefer a} h VHP t he thre ds w th dlffe ent |tche For exanple the __%
t hr eadet'* €8 ﬁe@’t‘ﬁ'o S&’Wé‘énptlﬁ Shaf °5n%|"%§’ % o TAMBREEPMand the -

t hr eadeisetsreame thé oshdfit veadn lush miapulbdem bl pm apiituhochldrraynebahaeéﬁemﬂ pitch.
0 Ui scdigel %Opw&éencqngest%w@%%%f ba%daxsaed%.qy 805 SPEPRHS % all

preferdﬁ1 roma
thls way incorrect connectlons can be avo1ded

.
The components are alifpreferably made froﬁeaflight wveight aluminium :
~alloy such as 6061-T6 containing magnesium and silicon. The 6061-T6
alloy has a density of 27.2 k-gm_3 compared _1:'6'78-.5-'kgm*3 for a typical
steel. Since the 0.2% préofiStfess-for 6061-T6 aluminium alloy is 265N

2 for stéei, the dead load of a large span

mm—2 compared to 275N mm
-structure is capable of being reduced by almost half in comparison to

steel.

The extruded surfacé of the shaft and joint assembly components may be
left with its natural finish. " 'Alternatively,_'the surface may be
polished and dyed, painted or powder coated for different effects.



all oy such as 6061-T6 contai ni ng magne5| um and silicon. The 6061-T6 all oy

has a-density of 27.2 [err] conpared to 78.5 [err] for =atypical—steet—

Since the 0.2% proof stress for 6061-T6 al umi ni um:al oy
conpared to 275N mm 2 for steel, the dead |oad of ‘a | ar éﬂl’lﬁﬁﬂ:’.ﬂl “M HIIS
capabl e of being reduced by aInDst hal f in coﬁparlson to

extruded surface of the shaft and joint assenbly conponents may be Ieft
with its natural finish. . Aternatively, surface may be polished

and dyed, painted or powder coated for diff effects. - 8 o x
C T M S * 1. An alum niun alloy chord nenber (2) in conbination

withd joint asgenbl yinf alumistuh nallepnaked fentdie @Noinl drabhetiGR)with & joint
node; in which the joint assbly ses a threaded prOJectlon (10) 5

i rally formed at on@ssewRlyofor meechoctmasking the cheed mwbena(d )ngoaa node; in
t hreaded bore (20, 22).adapted. t.0 _be scr med ont.o said_ghr ed projecti
(10), and a bol t (8)”’#&@?% ¥d STRAPRR 0B B pr%ﬁ&b et
be receivedg n a threaced iR ¢SS A%.mﬁ Ozf:us?ah b%&m;
being retained in the bdre (22) Oﬁg%&ﬁéﬂ‘%?ﬁé mvvardF %‘?1)
thread projection (&0¥ineddéd dorlo(2D, "RRD etiaptiedu 86 ; baMaeraied himb sa{®Whreaded

thread which connects the chord nenber (2) and the bush (6) and the thread
whi ch connects the bE‘F‘?JGFB}Ghr(EO)t:h@Mﬁo%i 1) (&r bargingda fheed; @)pmmm

fﬂeaiﬁgp‘gl )r/reﬁ;e(rzl glnd e&BZ a%éécé\'% %ﬁn the S r.ew thfea% glm ch coren cts
node(4),theheadoftheboltbelrgreta:ned1ntl'ebore(22)of
v 10 the bush imwardly of the tireaded projection (10) of the choxd
member (2) and the bush (6) arxi.thethreadmichcamectsthebolt

(8) and the node (4) are of differing pitches.

2. An assembly as claimed in claim 1, wherein the screw thread which
15 comects the chord member and the bush and the thread which
camects the bolt and the node are of opposite senses.

3. Anassarblyasclajnedinarya:eoftheprecedingclainsv&mein_
the bush and bolt are made of aluminium alloy.

-

4. An assenbly as claimed in any ane of the preceding claims, wherein
20 a cylindrical section (26) joins the head to the threaded erd in
the bolt.

5. 2An assenbly as claimed in claim 4, wherein flats (28) are formed on
the cylindrical section (26) of the bolt to allow it to be rotated.

6. 2An assembly as claimed in any ane of the preceding claims, wherein
25 the bolt (8) has a shoulder (27) vwhich seats against a flat (34)
arourd the recess in the node when the joint is fully assenbled.



connects the bolt and the node are of opp05|te senses. 3. An assenbl y as ~
clainmed in any one of the preceding clains whérein the bush and bolt are
made of alumnium alloy. 4. © An assenbly as cl of the
preceding clains, wherein 20 a cgl i ndri Hmwuﬂm ﬂuﬂﬂ“lj oins the
head to the threaded end in the bolt. 5. An assenbty tashcl danmed in claim
4, whein flats (28) are formed on the cylindrical section (26) of -the bolt

(0oLt 710, Dol Sty e85 S5 B ol Pt a@*ﬁ%ﬁ%%ch

seats agai nst a &bedmpéfivt) ifkyg.ne recess in the node when the jointi[$
fully assenbl ed. 7.. ‘An assenbly substantially as herein descri bed

with referqtq_g, g ;De accorrpanyl ng_ dravvl ngs - | _ _ o




