DESCRI RTI ON | MPROVEMENTS RELATI NG TO SPACE FRAMES The invention retites
a Space frame of the kind, 5 hereinafter referred to as

descri bed, conpri sing a"pl urality of nodes, each provided wt h a pl ural i ty
of screw threaded sockets; and a plurality of elongate struts for Iinking
i respecta..ve pairs of nodes. Each end of each ¥trut is provided with a -

or ongi t‘-udi nally 10 extending bolt whi Lee rotatable relatively to
a strut“’body and which has a shank Wi tm * léﬁreaded portlon ext endi ng

fromthe.end .of the strut XMBR SPACE cFRAMES aded portion
~with a respective node socket, V\hereby rot atlon of the bolt draws the end
of '15 the strut body towards the node. Each shank is surrounded bi
col l ar having a non- vinirentdaen neelates ate o spaceh frame ehgtheokindn

be appli ed, st hehe@éiwaﬁ&t%meaeb haki NGfON&He Keyigdd aascetbea

conpl enent ary Ion |t I,nal . er eb the hank s _constrain
rotate with the iB'ﬂ ?s M’é‘%x £ I’}° e AP gPFaYYde e‘@d}l}aP

is gripped bet Wpe.nrtalleltqndat)f sthews thileadedy szmkétl:w nafd ‘ahelurelboyt obfas

R R R S Wl e
as a result o e
difficult 4§ ing %Enﬁri.nbem&]ﬁ?rﬁx%ﬁ Utsbfg&esgse eakmleoﬁm‘%iag €%a£ a

fi xed di stance from one anot he IS I s beca it IS necessar

screw t hr eaded &t@torbadie apa: whigh has, ayshank with ha g@revgtﬂpgeaded
collars, so thapoiritdwncaexeesaingt Frdifr ehet Nés@dof Nthée Sigdse SPoE$t Stor

upo\n/ rotation Oentgggeﬁglnltaa% %ﬂg gg'r&% threaded portion with a respective
. node socket, whereby rotation of the bolt draws the end of

15  the strut body towards the node. Each shank is surrounded

- by a collar having a non-circular external surface to which

. ..a turning tool can be applied, the collar and the shank

... each having one a key and the other a complementary

o longitudinal keyway whereby the shank is constrained to

20 ~ rotate with the collar but is movable axially therethrough

- and the collar is gripped between the end of the strut body

and the node when the bolt has been fully tightened.

A problem with space frames of the kind described, is

. that when two nodes are rigidly positioned relatively to

: 25 one another, as a result of complete, or near complete,
— ~ assembly of the frame, it is difficult to insert or'replace
a strut between the two nodes which are at a fixed distance

from one another. This is because it is necessary for the

screw threaded ends of the bolt shanks to extend from the

- 30 strut collars, so that they can engage the screw threads in

the node sockets, upon rotation of the collars and bolts.

However, if the shanks extend, even marginally, from the

.ends of the strut collars, the strut body, with the collars

_ at its ends, cannot be inserted between two nodes which are
35 spaced by no more than the total length of the strut body

~ and collars. Consequently, some clearance to accommodate

the projecting bolt shank, is necessary between the end of
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However, if the shanks extend, even marginally, fromthe ends of the strut
collars, the strut body, with the collars at its ends, cannot be inserted
bet ween two nodes which are 35 spaced by no nore than the total |ength of
the strut body and collars. Consequently, sone cl earance to acconnndate theg
projecting bolt shank, is necessary between the end of 2 each tgl [“ag~and
the respective node, so that when the bolts are subsequently tlghten%ﬁhrﬂto:w
the node sockeagh eblbar and tiwe Imspeuﬁivmotodm @aathatpwbensthe beltsist

t he nodes or S S the
nodes towardsgaﬁe andr%?gédtllﬁp 15cj:tc;%ljn%;ﬁce W tﬂ Eﬁg ??égﬁﬁﬁlé&i}é‘n,g Qjétl?ﬁ. for :
a space franetbe cedlaraqwillnebde drawm %P@O&S#Nga%é?ﬁtt%?em i nst

a conpr essi Onoi-p?:ragg’frwwiltlh%eﬂiéﬂléatéﬂ tdhd sredsad by dbawing heft i P .
of the shank 1I's with the outer end of the respective collar,

wher eby aBst r thephodes ttl?"’é‘é'pﬁat"%‘eata Tend can, in use be inserted
bet ween fi xed nodeg:nhzaamdamEiWMShhet anmaitl:;omqlm aosthmtcm med

| engt h of the strut od gft h gOlk%@hreaésyEBEdgh §Eﬁl n?éﬁyyl ﬁ;{%end :

the bolt shanRBPafs Screw éd porfions wil
into the ent raretracttahﬂ.lee aeepastm@qm spion springyy with ﬁhﬁeﬁ’éﬁl'tw th

the socket scyy gth %esdi,o\gg%&qunbwi%mr&é lt'it?(bf)ytli?e teHane PPPEiesht o
ea y

Focel vesia howithg Sl oubeYh eRdeh EAE MARPRACIVR “BORLaEng WHANRHN] The
bol't, a - strut bo_dy with collars at each end can, in use, be '
inserted between fixed nodes having a spacing substantially .
equal to the combined length of the strut body and two st
collars whereupon the springs w111 extend the bolt shanks
15 = so that the screw threaded portions will be pushed into the
entrances to the respective node sockets ready for
'engagement with the socket screw threads when the bolts are
turned by a torque applied to the collars, each strut body
is provided by a tube, each end of which receives a housing
20 | which houses the head of the bolt and, behind the bolt,
' circlip which is. located in an internal groove in the
housing and which retains the compression spring between
the circlip and bolt head, the outer surface of the
housing, which is exposed between the end of the tube and
25 the collar, tapering towards the collar. _ ' - ()
An example of a space frame constructed in accordance' '
with the present invention is illustrated in the
~ accompanying drawings, in which:- ' -
" Figure 1 is a side elevation of the end of one strut, .
30 Figure 2 is a section taken on the line II-II in

Figure 1; :
Figure 3 is 'a perSpective view of a strut bolt;
Figure 4 is a perspective view of a strut collar, and,
Figure 5 is a perspectlve view of a node. '
35 'Each strut comprises a body in the form of a steel
tube 6, each end of which receives as a force fit a reduced
diameter end portion of a tapered_ housing 7. Captive by
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circlip which is located in an internal groove in the housing and which
retains the conpression spring between the circlip and bolt head, the outer
surface of the housing,' which is exposed between the end of the tube and 25
the collar, tapering towards the collar. An exanple of a space frame
constrﬁcted in accordance with the present ikvention is illustrated in the
'aECOHpaﬁylng drawings, in which:- Figure 1 is a side elevation of the end
of one*%trut ‘30its head F$ geithinthe bowsing isikerbokt thavingea|shankig,

Figure 1. Figurg, lﬁéﬁ S At b2 ’éh@"‘h&fxsfnétdﬂ& iW0proviadd atits énd
perspecti ve VI ew of a strut collar; and, Figure 5 i1s a perspSCtJ ve VI ew, of

a.node. 35 © - Withca screw @@%ﬁaid% ROIIGRP i I ¢ heTHEr ig ccloseiy
6, each end of vz&uﬁfbﬁméuw @aTolla¥ aa haviagr aduszdgdnaneteoleeﬂgagihgon

f t dh t d,8 t he h

ol ¢ havi ng B SRS H oh THERULEOE BFIeHe Hbu ot i it iR ot ol 4, °
fts end with a mmampmaqmcbmpmeﬁlonﬂaprimnkwhkﬂtIalmﬂ.tiq&tuoneuedéd
by a col I ar d¥hér | &‘a%%ir&gltﬁé' Had% O a Jlao%é'ms ISthe? NEn&0! &

I's urged out of h ou3| ng' cQl ression spring,

whi ch abuts at orasher b n¥Hah is f\ﬁ#giaé-mng‘)ﬁ%lﬁﬁaHYBa ghucdipi 16- ot Fae
end, a washer 15%)edv4rice witdlih thePBsuking PYis sidKe thatléheTbolt eahapee

Wit hl n the hou5| ngtz'?aét?es %ngfnhs ! féeaggligncgg tq'xe spring 13 until the tip
of the screw threaded portion 10 is flush with the outer
end of the collar 11.

./ The shank 9 of the bolt is provided with a

hemispherical recess 17, in which is seated a steel ball,

15 the ball being slidable within a complementary groove 18

within the interior of the collar 11. This feature is the
subject of parent application no. -8904083.6,( GB82216213A).

' In addition to a number of the struts, the frame

. comprises a number of nodes, such as that shown in Figure

20 5. Each node comprises a generally spherical body 19

formed with a symmetrical array of internally screw

threaded sockets 20, each complementary to the screvw

threaded portion 10 of a strut bolt.

A strut may be assembled between two fixed nodes by

25 retrécting the bolts within the housing 7 and collars 11,

' inserting the strut between the nodes, in alignment with

two of the sockets 20, whereupon the springs 13 will

advance the bolts so that the screw threaded portions 10 of

the bolts are urged into the respéctive sockets 20.

30 Rotation of respective collarsill, by application of a

' spanner or similar tool to the portions 12, will then screw

the bolts into the respective sockets, until the collars 11

are clamped between the ends of the strut body and the

nodes. This results from each ball, acting between a

35 respective recess 17 and groove 18, transmitting the

rotation of the respective collar 11 to the respective

bolt, whilst allowing axial movement of the bolt through
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10 retracted against the action of the spring 13 until the tip of the
screw threaded portion 10 is flush with the outer end of the collar 11. The
shank 9 of the bolt is provided with a hemspherical recess 17, in
which is seated a steel ball, 15 the ball being slidable within a-

conpl ementary groove 18 mﬁthin the interiod of the collar 11. Thi s.f editn
is the subject of parent application no. 8904083.6, ((GB2216218A). In\“‘§s~
addi tion to a Hhebeellari histshawn imdigure Zzomfsar@%ri@eronﬁnm@(tés

such as that sppunsiputi BBAG aaa of thdHdspdcred08biiars, 2s8°bhat! lthe
spherical body 19 forned w symetrical array of interhally screw: %

t hr eaded socke®Q1dar %rub%memémdapy te the HQ%EV##W&&H@F e SGEer of _

a strut bolt. ﬁhﬁéaaédnpdrbgoﬁssenbled bet ween two fi xed nodes by 25 . _ -
retractina%the bolts within the housing 7 and collars. 11, inserting the -
strut between the nodes, in alignment wth two of the socket s 20, wher eupon
the springs 13 wll advance the bolts so that the screw threaded portions
10 of the bolts are urged into the respective sockets 20. 30 Rot at i on - of
respective collars 11, by application of a spanner or simlar tool to the
portions 12, will then screw the bolts into the respective sockets, until
the collars 11 are cl anped between the ends of the .strut body and the
nodes. This results fromeach ball, acting between a 35 respective
recess 17 and groove 18, transmtting the rotation of the respective
collar 11 to the respective bolt, whilst allow ng axial novenent of the
bolt through :
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4 the collar. As shown in Figure 2, each groove 18 opens at the strut body
end of the respected collars, so that the coll ar can b

bol t shank over the screw t hreaded portion 10. -
~for a space frame of the kind conprising a plurality of |I muu | (l
' providéd with a plurality of screw 5 t hreaged sockets; of
el onga?e’ struts for linking respective pairs of nodes; the strut haV| ng, at
each enﬂ a longitudi-nal |y extending bolt GEAINS i s freely rot at abl e
relatively to a strut body and which has a shank with a screw threaded

- portion extendi ng fromthe end of the 10 strut body for engagenent of the

|.

. screw threaded pértion?A Efrite foF @h spaces faame ofoblhe skind: comprising a
rﬁt a}( I gn of the bqhi-admySof hﬁ:clzwl @adhgr&Wubdbﬁsghfgvtajéi&fat rtﬁd%crwh
: ar vi Ng .2 Nnon;Ci

S\oa\r/]\hl cﬁl ggt mﬁﬁ! Cgﬁ §ppP|“ad %?il %o?#ja?iﬁﬂﬂagﬁ Erggﬁh or
Wavi ng one a keylinliinge nuslpelcté.veorndmaemm;aoaesgl ki r‘s!l:rtmyllwylnd;elre.lty
th hank i t a
her ot rough andcRed S8 8 18h31Eudthay i ekbihding bott WRIEH ¥ettrZer

and the node whekotatabdeirelaty 2o a fshnut thafdy andd whignhh has a Bbang:
retractabl e, agayiéh & screw threaded portion extending from the end of the

10 strut body for engagement of the screw threaded portion, in
use, with a respective node socket, whereby rotation of the
bolt draws the end of the strut body towards the node; each

o/ shank being surrounded by a collar having a non-circular
external surface to which a turning tool can be applied,

15 the collar and shank each having' one a key and the other a
complementary longitudinal keyway whereby the shank is
constrained to rotate with the collar but is movably
axially therethrough and the collar is gripped between the

end of the strut body and the node when the bolt has been

20 fully tightened; each bolt being retractable, against a
| COmpression spring, within the strut body to a position in
which the tip of the shank is flush with the outer end of

the respective collar, whereby a strut body with collars at

each end can, in use, be inserted between fixed nodes

25 having a spacing substantially equal to the combined length
of the strut body and two collars whereupon the springs
will extend the bolt shanks so that the screw threaded
portions will be pushed into the entrances to the
respective node sockets ready for engagement with the

30 socket screw threads when the bolts are turned by a torque
' applied to the collars; wherein each strut body is provided
4 by a tube, each end of which receives a housing which
houses the head of the bolt and, behind the bolt, a circlip

which is located in an internal groove in the housing and

35 which retains the compression spring between the circlip

and bolt head, the outer surface of the housing, which is




-conpression spring, within the strut body to aposition in which the tip of
the shank is flush with the outer end of the r wher eby a
strut body with collars at each end can, in usgﬂﬂm“m“m ““ilmnt ween fixed
nodes 25 havi ng a spaci ng substanti aIIy equal *toct he cbni# néd Iength ~of '
the strut body and two coll ars whereupon téhe springs wll extend the 01 i

shanks so that the screw threaded portions will be pushed into the =%y . .
entrances to texpaseshebetweenodehe osnd s ofeatihef drukeganshe bhey Fﬁltlﬁé'c'so

socket screw thyp Pacﬁm,atx}% urned by a torque applied to the
collars; wherel T eaclt strut ﬁlsﬁ%\/xf ded by a tube, each end of whi ch;_
recei ves a housing which houses the head of the bolt and, behind the bolt, ..
&f' Lcl ip whi thl sa Wﬂﬁm Idﬁmtf)fﬁnig cw\r?lurantyhoﬂsnogespdeagh )

ich retains _the re et ween_the the
outer sur %ace W%ﬁ?&@&'&ﬁh éoﬁ ﬁq §°5§Bo§§5e g?%egﬁg{(%gséngggf 8 he
tube and the @ldralityperfi agrubs/ardachmcmctmq to cladmsgacéorr dkpking
conprising a Q:Jelérp@dtt Xreoharﬂ%e drovided with a plurality of screw

and. ura

t hreaded sockéts; ity of struts each according to claim1, for
| i nki ng respectl ve pai rs of nodes. . S :




