2212284 Menber with | oad-'i ndicating nmeans Description of Invention T@Q\Qs%t
present invention relates to the indication of a load to which a nenber is - i
subj ected. The invention has been devised prilmarily for use in fasteners or

ot her nenbers which are to be 'subjected to a predeterm ned |oad and the .
invention is useful during initial |oading of the nmenber and subsequentl¥

for checking that the required |oad has been maintai ned. I n GB, 980090,

there is disclosed a bolt having a |ongitudinal bore, an electrlcally
conductive pin lying in the bore and fixed to one end portion of the bolt

and a device for nDuntlng te,pora-ll on an opposite end portion of the

bolt for use in asceMARPRIMIIA KM GACAVDE EAWS heen subjected to a
predeterm ned tensile stress The device disclosed in this prior _

speci fication includes an el ectrical contact element for contacting the

pin, an electri Qddeyiption WEdhvétiogarrier for- the contact elenment and a .
magnet for anchoring the carrier to the end portion of the bolt renote from

the end at which the pin is fixed. The carrier is not fixed to the bolt and

~is required to nove rel ]nHﬂE I ' i g

of the device and dur.ing g%sgrrl]fl ﬁlgegﬁbﬁqaa% se%dﬂ%l Hgﬁcégnfggtdqgﬁ gﬁiednl #
bearing on the phémbéhds csabjec&rd afise ringsmtion hasdjeent devised primvarilyoforhese in

cont act el enent and t he bolt, novenent, .qf the %arr ein é)(i)osed bx thée
magnetic acti on. Wtq{é) HP@%&B‘{@&@EF% él“'F'& for & predetermpined loa

t t.
nmovenent is revep ??dve&lhlﬁ%t st @lﬁﬂ%ﬁﬁ&ﬂ%’fﬂxﬁg oﬂl{’émkﬁﬂae??ﬁaéﬁb%eﬁlhéﬁﬁﬁ

is held in engagerren g init extension o
When the carri efohebedkitgithaedhe cequired tiadi ks peeni maintainedat i ve to the bolt, {_,
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in GB 980090 i s gyniiHEAIRPbdnduRfive BTG In HIBEROAR! FG td'ofle Rl poRtioRdFehe

f ast ener .

bolt and a device for mounting temporarily on an opposite end portion of the bolt
for use in ascertaining when the bolt has been subjected to a predetermined
tensile stress. The device disclosed in this prior specification includes an
electrical contact element for contacting the pin, an electrically insulating carrier
- for the contact element and a magnet for anchoring the carrier to the end portion
of the boli remote from the end at which the pin is fixed. The carrier is not fixed
to the bolt and is required to move relative to the adjacent end of the bolt during
setting of the device and during tensioning of the bolt. With the contact element
), bearing on the pin, the carrier and magnet is adjusted relative to the contact C
element and the bolt, movement of the carrier being opposed by the magnetic
action. When the bolt is subjeeted to tensile stress, that movement is reversed by
the magnetic attraction so that the contact element is held in engagement with the
' pin during ‘initial extension of the bolt. When the carrier has returned to its
initial position relative to the bolt, further extension of the bolt causes the pin to
‘separate from the contact element and this separation is detected electrically.
| The device disclosed in GB 980090 is unsuitable for permanent

mcorporatlon in a bolt or other fastener.



According to the present invention,” there is provided a hol | ow nenber
having first and second electrlcally conductive el ements which are anchored
to or §ixed with respect to respective portions of the hollow nenber, .which
portions undergo relative novenent when the nenber is stressed, mhereln
when the nmenber is subjected to a first loag, the elenents are in
electrlcally conductive contact with each her at a position inside the

hol | owi‘h'”bnber wher ei n, en,th nber i.s subjected to a d, | oad,
el enents are odt. of el ec‘&h 3 E‘E‘W% eé’éi?Pa f\‘nmm@aeﬁaglpﬁew ?‘he
first element i shaRhfofirst aad keboha%uéc%@edlyfdoﬁahéﬁ% dleimlefi¥ vviﬁemfe ahorb L iFb

the first element is carried by a first carrier which is fixed wth respect
to the corresporfiiedgwith respsat td respectins portionsrafdhe hpllow member,awhichrportionsg

Fenai ne wi th 1t naustE P RRE SRR e oty I SrlSed bR SFen e
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conpl eted. The second of el ectrically conductive elenents rra be an
i ntegral part ‘ofcontact witiheach Qﬂheratasposummm1dev&eeh®lwnmenﬂaqm wheredin| when

" Uhe pr of or r odnianiBptl f AR s, RaRA 1584, Ve Hecibpl e Bl 38 i licl
electrically congpadhétive @magiwith efich 6thiet iagd the ﬁrsv%'lém@ﬁt isretéariesllyinkiilated
respect to .a secondﬁggrtlon of the hol] ow, nenber and retaini n%] rreans s

provi ded for i ffam levwmember andwhereim thedfrstelement | byaifirst carrier
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‘The second of the electncally conductwe elements may be an integral
part of the member. The first conductive element is preferably adjustable relative
to the member during preparation of the member for use. '

In the preferred member, there is provided a carrier for the second
electrically conductive element, the carrier is fixed or anchored with respect to a
second portion of the hollow member and retaining means is provided for limiting

- movement of the second element relative to its carrier so that the second element
is anchored to the second portidn of the hollow member '

Dunng use of the member, the electrically conductive elements are
used to provxde an electrical signal when the load to which the member is
subjected rises above or falls below a predetermined value. The member may be
stressed in tension or in compression during use.

If a continuously variable signal is required to represent any load to
which the member is sub]ected within a predetermined range of loads, then the
change in the capacitance between the electrically oenductive elements can be
used as the signal, provided that the electrically conductive elements are arranged

to remain out of contact with each other throughout the load range within which



change in the capacitance between the electrically conductive el enents can
be used as the signal, provided that the electrically conductive elenents
are arranged to remain out of contact with each other.throughout the load v

range W t hin which 3 indication is required..The el ements may contact
each other at each limt of this range. Exanples of structures enbodying
the present invention will now be described, with reference to the

acconpanyi ng draw ngs, wherein:- FlIGURE 13i | ustrates a first struct uie
partly in cross-section in a plane containing an -axis of rotation of a

fastener i ncindicativreid requiréd The elémernts nidy@dntact eath vtierat eacinlinitiof thisat i on
of the fastener of Figure 1; FIGURE 3 illustrates:-a further structure

enbodyi ng t hEal8@vent i on and FIGURE 4 illustrates a th| rd structure

enbodyi ng the inventi &g}&ﬁfé& urL!_vﬁP hSes -
menbers which are to astene t oget 6@;6}%}6 exa e{s]ae&rr%nbers
are represenﬂestrmedawnhmeferbnéém theaémnmai@ugrﬂtaizingsnwhbteﬂm-t here are

fornmed respective, nmutually aligned apertures to receive a fastener. The
menbers 10 and 11-are fastened in face to-face relation.by the fastener and

are subjected to %ﬁg, L Sat] ned,
the fastener being S‘ng ect eg to tensi ﬁgtsﬁigtslgép ast%%?u&lléuégg i1 fied
in Figure | bontaiting antaxis ofjrotation of s¥astepecincorporated inthe stmcturep of ‘the
menmber 10 and havi ngF‘iGr[ﬁffidrﬁust?gtgg Iaoﬁlmdxficatlon of the- fastener of Figure. 1
'FIGURE3 illustrates a further structure embodymg the invention; and

' FIGURE 4 ﬂlustrates a thll’d structure embodymg the invention. v/

~* The structure illustrated.;in Figur'e. -:'1 compnses ,memb'ers.'which are to
be fastened together. By way of example, these members are Tepresented by a
pair of flat members 10 and 11 in which- there are formed respective, mutually
ahgned apertures to receive a fastener. The members 10 and 11 are fastened in
face-to-face relation by the fastener and are subjected to



14 engaged with a nut 15 which |lies adjacent to an exposed face of the
menber 11. The head and nut may act on the nenbers 10 and 11 via respective
washers. The fastener may have alternative forms. For exanple, the fastener
may bé a stud havi ng a threaded portion at- each of its ends for
co-operation wth respective nuts. Furthernorg .a threaded portion of the
fastener may co-operate with a thread forned in the nenber 11. The head 13
defi nes central recess 16, an open nouth of which faces away fromthe

threaded shank 17 @brmiphéssival étress! dat fhel REtemer M figRtdnal, el fasferdt ibéinddsubfidited
(not shown) may be fgr ned qQn the outside of the head or at the peripheral
boundary of the red®densile sT8$E: r ecess 16 may be onitted, the head having a

flhat kSl{;f afce \A\hi Ehl faCéEheaﬁQYerfe'rom gmatfmﬁ irlil'EigUihG_l W@dwt?m;hdﬁremw 13
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o et e & 1'onoy cdlieRaf b Sh SigRsed: fotb 8¢ nd Hariier T thd RTing a thioded HoFfiGh
with the axis of tH& emgoged with &\ rivhr 5 which liesdxljagend tohen nexdpasddotivcef obthe
surface 20 of the heahde 1hi the "ALASa ADE i X ich e imlerAbdls! AFlan@N| AWRY

R
fromthe shank 17. In the exazp?e Illustrated,” this surface 1s aﬁﬁ()undary
surface of the recd&sspechivarwpshers. hbhefosbener ragtibave dierngtivaforrnl §opexemele,

I ength of the main thediystaher My HaSE SRAavingth $Rreded BErii@NEt BadH of R &fsSor

is wthin the range 25mm¢to | 00mm The fastener further conprltiesa
plurality of el ect Pcreration Aith seserehve Wiy & VEtermere, 2 thisaded pogtion of the
el Srrepts.h The car r ifastenac marad-6pdrate withie thiread dormed & dhe ntepatser 23 .. aThe ivead
end of the stem Thg 23 | ' ed,in . the r S Langd i's d
sonewhat fromthe g?r&%@%’? _c%u?tr?l'hie%ggsl ﬁ6,b%hd§|?e ' -g’ﬁg'l-§%&’§?%e§%°8§8§8??§%“t*ﬁ%
hkad’ 23 al ong t he Wbrended shank bhdf ther balbn Fédtstfoe cotaperatiarowithfa drivingdonbbrot
23 is anchored to IRl Yed r rdal QY€ RERE TR Ndt. Ffe b oI}
portion of the stetﬁqh%ﬁgtﬁ)g%goﬂ%rﬁ'ﬂagﬁgggn?ﬁgbdﬁ isg?“%f 'thegghn&ghgﬁelﬁgg{m
end portion of the bovedenrsf the r&ﬁeﬁsnlt%r'f_h# é@ﬁ?é:sﬁﬁtm‘?yh.b? Rreni HsAetheohead having a
Al ternatively, the fe@idsupficel wick FaddidtawidyShidriiathe BRardlo7IEd With a

screwthread engaged Wil g COTR! G- fhrdbded' shank 17 of the bolt together constitute a-
hollow main body of the fastener and define a longitudinal axis 18 of the
fastener, which axis coincides with the axis of the thread 4. A bore 19
extends into the main body from a surface 20 of the head 13 which faces
along the axis 18 in a direction away from the shank 17. In the example
illustrated, this surface is a boundary surface of the recess |6 and the bore 19

. extends along a part only of the length of the main body of the fastener.
Typically the length of the bore is within the range 25mm to 100mm.
O - o T_he fastener further comprises ‘a plurdlity of electrical contact
~ elements and a carrier 21 for these elements. The carrier includes a
rectilinear stem 22 and a head 23 at one end of the stem. The head 23 is
disposed in the recess 16 and is spaced somewhat from the surface 20 of the
main body. The stem 22 extends from the head 23 cldng the bore 19. An end
portion of the stem remote from the head 23 is anchored to the main body in
a manner to prevent movement of that end portion of the stem relative to
the adjacent portion of the shank 17. The end portion of the stem may be an
interference fit in the bore 19. Aherr_ioﬂvely, the end porﬁon of the stem
may be formed with a screw-thread engaged with a complementary thread
~ provided in the bore. The stem may be screwed into the bore until an end of
" the stem abuts an end surface of the bore under pressure, so that the
mdiually engaged threads of the stem and main body are engaged under



provided in the bore. The stem may be Screwed into the bore until an end of
the.stem abuts an end surface of the bore under pressure, so that the

nmut ual'ly engaged threads of the stem and_mai n body are engaged under 5 v
pressure and prevent i nadvertent turni ngsof the stemrelative to the |n

body. There is e I ince et ween nder
stem 22 andP f%é&r? ?J‘?fij ﬁfé&? “?3@ ttg &é” sftgmpr:egar}pv&et? ﬁ
at | east on®heteistprieferablyonsmall d;iaeametbetiveen the remtainder ofdrejsretn% ment
as herein b y of exanple, two electrical contact
e b5u Y 918 noR¥ 197

el ements 24 own In"the drawing at dianetrically opposite -
positions with respdderedstiprevidedsonghechead @8 ahleastongcel routaXt ahd

25 protrudeglehiéin s tte@ﬁra%ohaw@a&ﬁenm héfefin Pefdtk hbRismRid e,o ,(but
in the unstrFssed condi ti on of i ener, (é;got contact that face.

Provi si on i St F¥A1EP F"’ﬁcﬁl%{‘ﬁ@rﬂo"&“ E%‘ﬁtzécqn AES RO 1, the Q@“ﬂ@gat ive
L 0t each ot hatdi&mét tfx?ﬂiafo stte ;idsmdisadm?ﬁes edt t@&ﬂ@hxih'l&lEfﬁélfoﬁh@%]ﬁf&te g

et ween eac ontacgt e ce can he set to a,sel.ecte

ol e ey S B REANE 2 ApE S Hroflfed Bpud 3%%35@4%’& (BRI e, Suirioe5 30 58 oo
i'n the dr awinagn body:kmt,rlg thbaintressedfconditioresf thedfagteter, loes mot cosmonthiang
ormed in the head 23. Respective lock nuts are provided to

t hr eaded boi %
| ock the el ‘fﬁg‘is 24 'and 25 in selected positions relative to the head 23.
Al ternatively, eachProvisiontisahadefor adjysteent of the rcontdet alemumﬂeréaamijZS)or e

0 the head, Jauando hacH GGtk b6 FoatFe 18 St e

the surface Yy a spring, nuts belng provi con Ferren s to .
limt the. tb%eﬂcﬁa@d@ﬂt%rﬁ%ﬁﬂ%&ﬁ 0 ¢an be setoe a)se pctgda'ghm at.ed
spring and Bpew})bfcahmine dedHS bf ke caﬁta%ﬂrer@ha@@tztphna% 508wt @'t&éﬂsnt\/
' drawing as having the form of a screw engaged in a correspondtng threaded bore
formied in the head 23, Respective lock nuts are provided to lock the elements 24
and 25 in selected positions relatlve to the head 23. Alternatively, each contact
element may extend through an unthreaded bore in the head 23 and be urged
relative to that head in a direction towards the surface 20 by a spring, nuts being
provided on the contact elements to limit the travel of each contact element
under the action of its associated  spring and thereby deﬁne a posmon of
adjustment of the contact element. .

Each of the contact elements 24 and 25 is formed of metal and is an
electrical conductor. In the unstressed condition of the fastener, the ‘contact
elements are electrically insulated from the main body of the fastener, which is )
also formed of metal. The contact elements may incorporat_e respective insulating \/ _
sleeves which engage the head 23 and lock nuts. Alternatively, the head 23 may
be formed of an electrically insulating material. The stem 22 is preferably formed
of a metal havmg the same co—efficlent of thermal expansron as does the main
body of the fastener.

_ That portion of the main body which presents the surface 20
constitutes a further electrical contact element of the structure, this further
element being an integral part of the eleetl'ioally conductive main body of the
fastener. This contact element is a second conductive element as herein before
mentioned. . _ :

The indicating means fhrther comprises an electrically energisable
signalling device and a source of an electrical potential dlfference represented
diagrammatically in the drawmg asa battery 26 The signalling



Each of the contact elenents 24 and 25 is formed of netal and is an

el ectryg cal conductor. In the unstressed condition of the fastener, the
contact elenents are electrically insulated fromthe nmain body of the
fastener, which is-also forned of nmetal. The contact el ements may

I ncorporate respective insulating sleeves which engage the head 23 and | ock
nut s. Aﬁternativély, the head 23 may be fornmed of an electrically

i nsul at™hg material. The stem 22 is prefergbly formed of a metal having the
sane co-efficient of .thermal expansion as does the main body of the

fastener. ThatgeRRiet 8§ bef ar NfcalBbsteRO BlantbriiChulB 25 THeSbiilBCarit iHABE1EY, are

constitutes a further”electrical contact elenment of the structure, this. -
further el eneronbedtaq iarseries owithleleciricallyt conductive probesa 28 yando29 svitable foxi n

body of the fastener. This contact..elenegnt ijs a second conductive,gle t
as. herein bef d?%klﬁ_ﬁrﬂ?%ﬂ?é: | mééf_eﬁtedn%%%gfﬁtﬁwﬂc%ﬁWPgse%‘Faﬂ |
electrically Qa@rwithadkomainBedy of dhél Tadteferd WhilsttbE  fastefbr W updtAitéd, bk
potential difference, represented diagrammatically in the drawing as a

battery 26. Trelearigalacireuiyremaigs pencandrilie bulta7iis oghesergised. AN gleatwicalul b
27. ‘The bul b t b ttery.are. ted | ies with trjcall
conductive pr ioteital difteSe i FRRRAThetd 1 LE3e cblia®t Bekidr pelie ,
sel ected one GhainGodyPBE Wd fAIENER Whildd tiRProtfes 2¥and 129 idecinHicir bpeative

the fastener. Wilst "the fastener is unstressed, the electrical circuit
remai ns open Xositions. Asithe fastenemisttightenasl, shel shapk 4V de sirpiched gelasiveitg) the

body of 't he 1 Sebag e SR colfaa BIGRbT eragRbal AT 20, THE ECH "
pesttions. As ciregitfigieeaby closed andtirsinelb 271s eabided Wwhersa Sitstdbad Bariahed.i ve
to the stem 22 until the sel ected contact el enent engages the surface 20.
The el ect ri calWhen the load in the fastener has a second value significantly below the first
~ load, the selected contact element is spaced from the surface 20.
~ Priorto use, the fastener may be subjeciéd to a selected tensile stress
and the contact element 24 then adjusted so that it just makes contact with the
'surface 20. The fastener inay ‘then be subjected to a diff_ereht stress and the
contact element 25 adjusted so that it just makes contact with the surface 20. -
- During tightening of the fastener, the probé 28 can then be applied to the contact
elements in turn to obtain visual signals indicating the attainment of two selected
stresses in the main body of the fastener.
| In a case wherein a single contact element is provided, the éon_tact
element may be ﬁked with respect to the head 21 and adjustment may be effective
by screWing the stem 22 into or out .of the bore 19.
" Battery 26, bulb 27 and the probes 28 and 29 may be incorporated in
a tool which is uséd in conjunction with successiﬁe fasteners. Alternatively,
electrical components may be incorporated in each fastener so that the
application of a separate tool for providing an indication when the tension in the
fastener exceeds a predetermined value is unnecessary. | | |
A cover may be prdvided for covering the contact elements 24 and 25

and a part of the head 23 except during tightening of the fastener.



circuit is thereby closed and the bul b 27 ¥s energised when a first load is
attained. Wien the load in the fastener has a second value significantly
bel ow the first | oad, the selected contact elenment is spaced fromthe v
surface 20. Prior to use, the fastener may be subjected to a sel ected,
tensile stress and the contact elenment 24 then adjusted so that it just
makes contact with the surface 20. The fastener may then be subjected to a
different stress and the contact el enent 25 adjusted so that it just kes
contact with the surface 20. During tighteéning of the fastener, the probe
28 can then be applied to the contact elenments in turn to obtain visual
signals indicating the attainnent of two selected stresses in the main body
of the fastener. I'n dheaelectrice} eirenis ildustepted ivFiguse lomaydet modiffadosa that, -
the contact gl epept may be.fixed wit.h respect t.he head 2 nd ' ment
e e f echi U ofBihel Sianalifie dhhifk S5 Epnb el R sGRef nith BRcpREeL 28

Battery 26, BHHRS FornekdohsiePtisstesmadp baneondiectBly ind SeriédC WithOthes€ probBesi ah 00!
which is used in conjunction with successive fasteners. Aternatively, . =
el ectrical ccmmt&mwb@himmwég changescin theseapacitance betweenithe
application gof .8 _separate tool L REOvE dih i ndi cati o nen the tension
P et et o REoBessATRANLCA RxPldet Bhe Br Biprd chehAar it Nidmds d65chdais ubSHs,
"be provided g caicahebéthReiehd pedbes) Phgsloutpid segiﬁls&ﬁa@é usedfd éndifisehe.
head 23 except durin%wtightening of the fastener: - 6a-Th i
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circuit illusespgcuve ol gnrather sigpalling means o8 toocaniral thecopenation; of Rer - -

signailing deylfend fornpinEABSRE kRS S LAPpYI LN the probes 28 and 29, For:
exanpl e, there mmay be connecPed in Sefies W t hése probes: an el ectrical

device which is responsive to changes in the capacitance between the prob -
and whi ch provides one or nore el ectrical output signals dependant upon i =~ =

-



t he capaci tance between the probes.. These output signals may be used to

energi,se respective bul bs or other signalling means or to control the

operation of a nmachine for tightening the fastener. It will be 7

understood that the electrical properties of the interface between one of

the electrical contact elenents 24 and 25 and the surface 20 vary with

. variatgg? in the pressure with which the contact el enment concerned engages
that sdrface. Furthernore, as the contact el enent approaches that surface,

t he capacitance between the probes wll cha?nge. The electrical circuit may

I ncl ude devices yresponsive to these changes and nmeans be provided for
i ndi cating t hé‘%‘{e@gg‘?t%amec I‘?chlt@‘:#la&'iogggesi %P%}@Effggg lbﬁF%{)Fd'hBBF ojr enge
of stress, so . | ' ' '
W thin this rAlegticifbe B RIBEa M 438 25 S (R Hrile 2 ¥al R VR HEthe
substituted fpressngebwith whidh ghe ecdntactheleaerite cemcerhed-i engages thas saefatai n
parts correspquding to thosg herei nbefore déescribed with reference to
Figure 1 and, g 8 the, CADEASF FIRIBGHARRIOREHASSDAF Surfage thF| BRagiance e
reference nUMHcgeditha bRfbeR! il Xhdngel P AEARLA HESE h} BBl ARRERC
to .apply; except ?or I fTerences here% nafter mentioned.. A f1rst
el ectrically cespbmsivevio thes¢ etanges and meai®nayf be peovided fordndicating thestrésyur e
2 is mounted in ap,electrically,ingylating cacrier 130. The el ectri.cal
contact el emer® W l_cg‘r g}%f%‘l“}ﬂf Fx%lsi’lﬁﬁt?‘h ot @,ranges o shresse S0 Hhat thsun
in the drawi n i 7N ich a stem of
aw NGastbhir 621 bk HghtEtied R fnAselédttd Ih1uROf i v gl

the electrical contact ext ntact al so having at €ach.of its ends
an enl arged head so t HEhe modifiexd fastener dlustrateddu Higire@omay be substitisted forthe

carrfer 130 ig fit i the b 9. of ,the bolt | h t hat
Che bosi tron Dot o Lohe fastkaht of Bigudt 2 S cRdain gattsicpatesBotiing o ek,
adj acent end _Hié"réih%fdi‘& Hégrivelt wﬁﬁnreference_ to 'Figh_‘re- 1 and, in Figure 2, such

corresponding parts are identified by like reference numerals with the prefix 1.

The preceding description is deemed to apply, except for differences hereinafter
mentioned. - _

A first electrically conductive contact element 124 of the fastener
shown in Figure 2 is mounted in an electrically insulating carrier 130. The
electrical contact element is preférably fixed with respect to this carrier. As shown
in the drawing, the carrier may have a central bore through which a stem of the
electrical contact extends, the contéct also having at eaéh of its ends an enlarged

'\_/- . head so that the carrier is'trapped between the heads. The garrier 130 is ﬁtted
into the bore 119 of the bolt in such a manner that the position of the contact
element 124 along the éxis 118 rélativg to an adjacent end portion of the bolt can
be adjusted during preparation of the bolt and such that the contact element will
then be fixed relative to the adjacent end pdrtion of the bolt. This can
conveniently be achieved as shown in the drawing by providing a screw thread in
an ‘end portion of the bore 119, screwing the carrier 130 into the bore to the
required position and then locking the carrier in this position, for example by
means of an adhesive or other bonding agent applied to the screw thread. The
carrier 130 ‘may be formed with a circumferential groove positioned between

opposite ends of the screw thread and containing a suitable bonding agent.



‘be adjusted during preparation of the bolt -and such that the contact
elerent will then be fixed relative to the adjacent end portion of the
bolt. This can conveniently be achieved as.shown in the draw ng by
providing a screw thread in"an end portion of the bore 119, screw ng the
carrier 130 into the bore to the required position and then | ocking the
carrier in this position, for exanple by neans of an adhesive or othe$ .
bondi ng agent applied to the screw thread. The carrier 130 may be for

with a circunferential groove positioned between opposite ends of the screw
thread and containing a suitable bondi nJaagent. 7a The bolt of Figure 2
is provided with a second el ectri:cally conductive -contact- el enent .131 and
with a carrier 132 for that contact elenent. Both the second contact

el ement and its car r gﬁﬂpf gﬂﬁﬂ 132
is elongated and oc&%?’gggﬂ ] or %gefooﬁjfeg eng@ﬁd éfe%}rﬁéglhﬁoc]%gaﬁme_8 A
coi | ed conmoataitelempni 331 had wnhpr carride d 32doanhiwocorithet élenientr Baththe t h
respect to an axially f face 134 of fhe shank 117 at the closed end
of the bor &64aRe taéh&?ﬁ“?& ﬂ’é ‘ﬁr%ﬁﬂ‘ﬁb are H{!SRP&WHE?‘ grethe hpyagkl % ffhe
surface thrgug Iéﬁ% ier may
engage this sugﬁ %%%lédlaﬁ)gggqéa ﬁs?Hféﬂct 8? %%Yé{géh oggﬁ%a%r%?ﬁg er 132
and the carrier 130 to nmaintain the carrler_132.|n flrn1engagenent with the
surface 134 at the closed end of the bore. The. second carrier 132 is hol |l ow

and the second el ectrical contact el enment 131 |s d| sposed at |east partly
inside its carrier to protrudefroman R :

he 2



open end of the carrier towards the electrical contact el enent 124.

Ret ai ning means 135 is provided to limt noverment of the contact el ement
131 qutwardly of its carrier. In the exanple illustrated, the retaining
nmeansg is a lip provided around the open end of, the carrier and projecting
towards the axis 118 to define an opening ha\n%g a dianeter |ess than that
of theontact element 131. In the exanple illustrated, the contact el enent

is a barl. Alternativel t,he.cont act el epen he f hea

T ne The head bei g tr A seliod serpEstos wing ki Wipraided foomher fhe RIRIERd 32
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Figure 2, the bi asiswfaredheougs tbeoorerewdwnmfesémﬂn Apfermativedy, thentadrierdmay

wWithin the carrier ae%ég%aﬁ’h Shrfb&d Hﬁe@r(y.s Thé Q&"mé]?ﬂ 8&‘1@'93_5\9 MeO&dfridf 132 and

el astoneric materi BI’ ovi d seconhd carri er provi aes an
electrically conduéh?\ﬁ‘é“'fjat H3 r@rmmogbﬁmeoermcm dmﬂmmrwserepehemh the

to the main body OfsuifaeefiashemﬁécloIéweﬂeﬂﬂelts‘o?é'y COHdUCtlve path
preferably includes the,surface-134, arance petween:
Phe carrier 150 and thae secHerartieral ik i tallawomnd Bs orend pscrcal Gomtoct
iﬁ prgpa&_ed by dri lelemegntol3i tshﬂsﬂused&atl&salpdrﬂhmudwhmg'lémﬁ) pootalbde fromean
thread adj acent to & at he carfri

together with the b&Fﬁ gHﬁi fse@"g %gm@ 1m?,§0£ r% ?'ﬁgﬁ q? °%'H8°fh“e'e$1°rst'2“°
‘carrier 130 is t hefRejoindngtheans d35 fie phaoided ftrbtmts mayerresp orfi dihegcandacthelement
probes 28 and 29 arl@l@flﬁ@vﬂ?di "Mftuhs& ier! rlﬁﬁh&%%@»ﬁfe fHuSTrafdd ]tﬁé éﬂﬁmetrJ?euns

the—head 113 of the b res ectively, in order that a signa
obt ai ned when el ecti$ ackp p&%fiﬁtﬂrm@débsanﬂensqnsldofbéh%emrh@dcamia%wn%rfewﬁs
124 and the cont actthel 8ienl8 13l defidd@nCapehiry hdviRy i drpietde fless Nfhant that RBr e

unti |
contact element 131, In the example illustrated, the contact element is a

ball. Alfernaﬁvely, the contact element may have the form of a headed bin, -

the head being trapped inside the carrier 132 and the pin profrudmg from the
carrier towards the contact element 124,

Blcsmg means ‘is provided for biasing fhe second contacf element |31
relative to its carrier 132 in a direction towards the contact element 124. In
the example illustrated in F igure 2, the biasing means is a coiled compression
spring 136 contained within the carrier 132, Other forms of spring, for
example a block of elastomeric material, may be provided.

- - The second carrier 132 providés an electrically conductive path from
b the second electrical contact element 131 to the main body of the fastener.
The electrically conductive path preferably includes the surface 134, There
| may be a small clearance between the carrier 132 and the circumferential
surface of the bore 119, '

The bolt is prepared by drilling out the bore 112 and then formmg the
female screw .thread adjacent to the outer end of that bore. The second
carrler l32 together with the ball, if used, Is inserted into the bore and the
first carrier 130 is then screwed into the bore. Probes corresponding to the
probes 28 and 29 are engaged with the first contact element 124 and with the
head 113 of the bolt respectively, in order that a signal can be obtained when
_electrical contact is established between the cOnfact element 124 and the
contact element 131, The carrier 130 is. screwed into the bore until



9 .electrical contact is just established between the contact el enents. The
carrier is then screwed a further, predeterm ned distance into the bore,
this distance being determ ned according to the load which is intended to
be inposed on the fastener and the nodulus of elasticity of the fastener.

It will be understood that, once contact between the contact el enents; 124
and 131 has been established, the contact elenment 131 will be noved -al Qng
the bore with the contact elenment 124 relgtive to the second carrier 2.
This relative novenment will be accommopdated by contraction of the spring

136. The distance fh o 4R ' n . _

ol oment ‘are. foraaeal SOt LIS 2etapiid Beovegh g bodcllt ABRlS 13 ILess -
det er mi ned enhef screwed dfursher] predetgniihed distdncednioherbode, thivddisaade boihg

adj usting the positiogn of the carri i‘; 130 j.ust ;sufficiently to mantain

el ectrical cdoleteraminednaccording Weths leachwnich pintsnded tacke ~ impesed pB theed

1 Lhe Prepaglibnl gha Pl HiHuode HAGRIH G b thdiSner W BEWRAGRAISL AL, !

of Figure 2 i ressed, S an ctrical Circul

contact el emastice koftddobetvgder the concarodleineritsi?4 ah@ 1BhhaslBden ésisblished, tie
132, the shank 117 of the bolt gnd_the ‘head 113 of the bolt. The existence

of this cl os«@néactelementh3hwillbenoved alang the barg-withithe contactielsament 4w t.h

ref erence to [Ej.gk e LE holt 14 21 s 0 . )i ank
of the bl t - r54iedoithe Seoddifedifiel 12 THIERI A IB0E ent SIPLEREmbISa R0 T
t he "head 113 of canirachientofahd spiiag a86r'Ehedizjanice ohnohigh whicls theefirst carrbeal 130"

contact elenment 124. The gcarrier. 132 i aused to. follow t he novengpt..of . . -
the surface B3l igcoptacte 1%‘Hr3rrﬁd“9‘é%f?éerp@reﬁﬁricﬁéﬂo'ﬁt@c&?% %erhﬁ%lgﬁﬁsheﬂ o
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this i:s detecidjustirigetiter position .of\thencartier 18@dustrsuffieiemly to msineainieledtrivall ue,
AR LI, SRR TN e
the circuit. ist PREABRr dfi8eMi@M0Its.131 is spaced from t he el ement 124.
' | When the prepared bolt of Figure 2 is unstressed, there is an electrical
circuit from the first contact element 124 through the second contact element 131, .
the carrier 132, the shank 117 of the bolt and the head 113 of the bolt. The
existence of this_closéd circuit can be detected in the same manner as described
with reference to 'Figﬁre 1. If the bolt is _then_ tightened, to subject the shank of
the bolt to tensile stress, the surface 134 is moved further away from the head 113.
of the bolt and therefore away from the first electrical contact element 124, The \/
carrier 132 is caused to follow the movement of the surface 134 so that the spring
136 is permitted to extend again, If stretching of the bolt continues after the
second électrical contact element 131 has ehgaged the retaining means 135, the
circuit is opened and this is detected electrically. When the load in the bolt has
a first value, below that which opens the circuit, the contact element 131 engages | N

" the contact element 124, Whén-the'.loa_d has a second-value, above that at which

the circuit is opened, the element 131 is spaced from the element 124,
~ InFigure 3, there is illustrated a structure which includes a bolt having
a shank 217 which is subjected to compfes_Sivc stress, as the bolt is tightened.

Certain parts of the structure shown in Figure 3 correspond to parts hereinbefore



In Figure 3, there:is:illustrated a.-structure which includes a bolt having
a shank 217 which is subjected to conpressive stress, as the bolt is

tii ght ened. Certain parts of the structure shown'in Figure 3 correspond to
parts herei.nbefore 10 described with reference to Figure 2 and such
correspondlng parts are identified in Figure 3 by like reference nunerals
with tiHé prefix 2 substituted for the prefix 1 used in Figure 2. The
precediy description.is deened to apply tojguch corresponding parts,
except for the differences hereinafter mentioned. The boIt shown in Figure

3 is used for HRIOR 2%@%31

seat 202, The %%begpegaﬁt s cl gﬁ%g%% ween the se g?fa.nﬁ S%eéﬁmleﬂe
seat is carri edindﬁgurd szu’dll&(mf&tbnmnmhemls:mthlthe plrtﬁx Bsilbstltmeﬂfﬁoeahhapreﬂx
portion of the han j:of thﬁ,lJBolt e a threadeéi opepi ng ﬂythe
frane and a free- 18y Flepr§ﬁ%1 Hpuen; 1§ e 49 RRRYY Ag3suchne

bol t of Figure é’org%gohuxgt pati] eRGRTEr ﬂieeﬂiffe&&?éesf!ﬂe?élﬁﬂﬁér AfuidAga 231 and

has first and sec carriers 230"and 232, which nmay be Identica _
t hose herei nbef ore descilhedwltnshawir isf Emmcé isaused Jor elampingrai mgmhee@daforon

f the bolt of Fi the f b f th
o1t ot 1 el ccPARHIE & oot ot bl 4R 5t 2 B¢ SOl 5 ATamatq petwcen®
contact el enentth%%kat and lhsﬁad@fé 208, THeetdat I@rsied rdnea fradite D64 Wh?éh ALy

to establish a predeterm ned cl earance between the contact elenments. This
cl earance is dethsrbolbed threadadoportioncofithenshank Zb'baf thel bobaengageh @ threaded

bol ¢ of *Fi gur o SPiungi R ahe BT ed Bnd bofidi ot e sbp i pilS adBinbopelifalss

axe—spaced apargo®rnd the circuit through the bolt is open. Wen the bolt is °

used to drive the saddl e 203 towards the seat 202 to_clanmp the menber
The bolt of Figure 3 has first and second electrical elements 224 and

231 and has first and second carriers 230 and 232, which may be identical with '
those hereinbefore described with reference to Figure 2. During preparation of
the bolt of Figure 3, the first carrier is screwed into the bore of the bolt until
electrical contaci_ between the contact element 224 and the contact element 231
is just established. The carrier 230 is then withdrawn to establish a predetermined
clearance between the contact elements. This clearance is determined in
accordance with the required load to be established in the bolt and the modulus
of elasticity of the bolt. _
| Wnen the bolt of Figure 3 is unstressed, the electrical contact elements
224 and 231 are spaced apart and the circuit through the bolt is open. When the .
bolt is used to drive the saddle 203 towards the seat 202 to clamp the member
201, the shank 217 of the bolt is contracted and the carrier 232 is therefore driven
towards the carrier 230 until electrical contact between the contact elements 224
and 231 is established. This condition is signalled in the manner hereinbefore
described with reference to Figure 1. If the bolt should inadvertently be tightened
further, establishing a first load, the second electrical contact element 231 will be
driven .further into the carrier 232, without damage being caused to internal
components of the bolt, Turning of the bolt can then be reversed nntil_ the contact

element 224 is withdrawn from the contact element 231 just sufficiently to open



201, the shank 217 of the bolt is contracted and the carrier 232 is
t-herefore driven towards the carrier 230 until electrical contact betmeen
the contact elements 224 and 231 is established. This condi'tion is
signalled in the manner ‘herei nbefore described with reference to Figure 1.
If the bolt should inadvertently be tightened further, establishing a .first
| oad, the second electrical contact elenent 231 wll be driven furtheﬁvlnto
the carrier 232, without damage being cadzed.to i nternal conponents of% he
bolt. Turning of the bolt can then be revérsed until the contact el enent

the gt ¢ GR P CEd SFieRBOIRE 2 BoBhE Jretiete ko A ubich (dssitBar B8E
than theg firgistieay. |t w " be understood that, in place of the signalling

means represented in Figure 1 there may be used with the bolt of Fi gure 2 -
and with the bolt of Iw&mmdéh%tbmldme of @naignaﬂgxgmaass @resented -

Cont | nuous y TRt e tasignenes B R e, o€ oF Fokbeead el B A Btb e nout

a range of |ppfse 3mMéreiabdrate Signaliay lnﬁhhn@a@h@téxﬁﬂ)efékéaéﬁz\‘lﬂéh fdiex hﬂ:?ﬁa The

si gnal- may be apgl ied to a mcroprocessor, for exanple to provide a fecord.
of the | oad.signelling aeanshwhichprevidesatontigupesly vara lecsigngl reprasenting theye of

| oad, change 0 th nal .o |t il be
under stood t aﬂtfr?e%ggééftgﬁ%ﬁggﬂo@he%%gn%fgo&s, &rdg’i@ﬂégi?gﬁ% dﬁé{ﬁ}&;‘ﬂ the
el ectri cal | ydigplaghwtithe dod. erws:gnalanupbé ,af)phe@tw aGBicrepricasior R ampldrese
el enents can be avoi ded. A |ayer of di el-ectric coul d be provided’ bet ween -

the conducti mepr@mmaﬁ@orcmétlm logé: maecasre where shessignal isreimireditol iepreseat a
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317 is subj epé eﬂdmtammtaasm arase ohehetin clﬁmgetm thélcaba&lf@lcﬁﬂjéiﬁéelh she ©
~subj ected varies with the hydraulic, pressure in

electrically conductive elements is used, electrical contact between these clements -+

can be avoided. A layer of a dielectric could be prov1ded between the conductive
elements. ' , ' _ _

The structure illustrated in Figure 4 includes a member 317 which is-
interposed between an hydraulic cylinder 303 and a subport'304-for- ihat cylinder.
When the cylinder is extended, the member 317 is subjected to compression and
the stress to which the member is subjected varies with the hydraulic pressure in
the cylinder. The cylinder may be used, for example, to clamp a fuhher member _
to a seat in a manner similar to that in which the cable 201 is clamped to the seat. ),
202. .
B The member 317 is conveniently of cylindrical form. Alternatively, as
 shown in Figure 4, the .mémber maji be an annulus. A number of blind bores 319

are drilled ‘into the member 317 from one end thereof. These bores are
distributed evenly around an axis of the member, which is co-axial with the piston
and cylinder unit 303. In a case where the member 317 is.a éylinder,there may be
a single bore provided at the axis. Each of these bores contains electrically
conductive elements and carriers for those elements. The electrically conductive
elements may be arranged in the same manner as are those hereinbefore

-~ described with reference to Figure 2 or as hereinbefore- described with reference



the cylinder. The .cylinder may be used, for exanple, to clanp a further
menber to a seat in a manner simlar to-that in which the cable 201 is

cl afped to the seat 202. The nenber 317 is conveniently of cylindrical
form Al ternatively, as shown in Figure 4, the nenber may be an annulus. A
~nunber of blind bores 319 are drilled into the nenber 317 from one end
thereaf” These, bores are distributed evenly around an axis of the nmenber,
whi ch ¥ co-axial with the piston and cyling r unit- 303. In a case where-
the menber 317 is.a cylinder,there may be a Zingle bore provided at the

Carriere for t HOCEEREron s MUY AeEingfve o irebuRatl the "G GrEdRE Sndiive
arranged in the|gaiERtRNAStrAed 3 Figdrese herei nbefore described with -
reference to Figure 2 or as hereinbefore described with reference 12 to
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| e is illustra J ' .
T Fgure 4, t oREs wbNaaly MgldetFeric @Ry et 2P this MedBIIR F s 1t

contact el ementre3gdet thha Taftiet330 whivhfis sedweadidr okepeisé stcureddarar ontednd

which is screwed or otherwi se secured in an outer end portion of the bore.
A hol | ow carri epor3dn ofghe bose b hellewcarrier3d2 fos & sgeond glegpical cantachaequpies ¢

of the bore and_i$ urged.t h '

323, Thesecondtbietirrars ol S Bard i & BARd SRR e Bpp Endiby in BolLfy 2
therefore does g4ing 808] Theasetbhd deateicalespmaci elprentt 331 dpriiself felflienTrend
contact el emept 331 occupies the interior of the carri ﬁr 332 % irely and
is retained i thesefose dpes notrequired SPIME oqirespeRdingdayt Eéﬂﬂﬁ&t§$- ’élygcontact
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carrier by a lip 335. : :
| 'An electrical conductor 329 extends from the first contact element 324
- through an opening in the support 304 to other circuit components of sigrialling
means (not showh) which may be any of the alternative signalling means
/ hereinbefore described. The signalling means is also connected electrically with
i the member 317 via the support 304 and a further conductor 328.
\ The arrangement of the structure illustrated in Figure 4 is such that,
' when there is a low pressure or no substantial hydraﬁlic pressu're in the cylinder
_ 303, the contact element 324 in each bore is out of electrical contact with the -
\_/ _ associated. contact element 331. As the hydraulic pl_'éssure in the cylinder is
increased, the- member 317 contracts elastically. The separation between the
. electrical contact elements is thereby reduced until electrical contact is established
I , Whena higher, threshold load is attained. The a_rrangément may be su_ch that the
X signalling means provides an output signal only when an electrically conductive
' relation is established in all of the bores 319. Alternatively, respective signals
_ obtained from each contact pair in the bores may be combined in some other way
~ to provide an 6utput signal. | _
It will be understood that, if an output signal representing a tensile
load in the hydraulic cylinder is required, the member 317 may be so associated

" with the hydraulic cylinder and the support 304 to be stressed in tension when the -



nmeans (not shown) which may be any of the alternative signalling means /
her ei nbef ore described. The signalling neans is also connected electrically
with the nenber 317 via the support 304 and a further conductor  328. The 4
arrangenent of the structure illustrated in Figure 4 is such-that, when
there is a | ow pressure or no substantial hydraulic pressure in the ;
cylinder 303, the contact elenent 324 in each bore is out of electrical
contact with the associ ated contact elenegi 331. As the hydraulic presSure
in the cylinder is increased, the nenber 7 contracts elastically. The
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attai ned. Thehemangs Ritinbeforalestritied with referesécgrnFigurg 20eans provi des an
out put signal only when an electrically conductive relatign is establjshed

in all of the bores 3The member b7 $&( gnd 3d¢ hereinbefoze desaribegargi preterabbym

each cont act LLal b e . ined i.0..S ' Y rQvi de
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with the exception:of :the contact el ement 331, which is formed of a

rel f ively resilient conposition i ntm—pb‘r‘ﬁm—e—c’??#cal conductive
parttcles in a matrix of a plastics m Al NS 1. A

hol | ow nenber having first and secor\mm “‘Hmm nductive el enents

whi ch are anchored to or fixed with L 1® réspkctive portions of the
menber , whi ch portions undergo rel ative novenent when-the nenber is
stressé'aL wherei n, ‘when the nmenber is subj eciged to a first load, the

el enents are in eI ectrically conductive contact with each other at a
position inside the hollow nenber, wherein, when the nenber is subjected to
a second load, the elenments are out of electrically conductive contact with
each other and CRAIMSst elenent is electrically insulated fromthe holl ow
menber and wheTern the rirst elenent is carried by a first carrier which is
fixed with respect to the corresponding portion of the hollow nenber. 2.

A member accordyng o Chagnbyigtildt hAGRE fist AREYAASHAAIERRIAY defly

second electrically conduct Ive carrier | Xe respec
to a second por ¢lenrents whith are ahehoraddo oefixed with mpecxto sespeawaimttfams of the

lim'ti ng novenmen f th econd el g} relative to rrier A
ober | Sceor di phenbes Which BorupT W#@w@gﬁ?@ﬂw%@ﬁgﬁ%bemsagrpﬁpgd
the Second el enﬁﬂaré@e%wethsomegﬂm‘f%r ectéll go ( urtﬁt 1028, meﬂfaen&ﬁeh&eaie frpt

el-enent . er according to a| m er conpri sing
resilient eI emeelectrigily gontectivec contactawitheeachnothea at anpositionssiide thlaehollow

hol | ow nmenber. - ccordln to.an recedin | aj m wherein

dof or et | on_of  RisabRzheTel i e Grhed iyairied 10,8 serat faadl e gleriants

dsaid el enent grdbidof electrically conductive contact with each other and the first element is
electrlcally insulated from the hollow member and wherein the first element is
carried by a first carrier which is fixed with respect to the corresponding por_uon

of the hollow member.

- 2. . A member according to Claim 1 wherein there is provided a carrier
" for the second electrically conductive element, the carrier is fixed with respect to
a second portion of the member and retaining means is provided for limiting

movement of the second element relative to its carrier.

3. . A member according to Claim 2 further comprising biasing means for
biasing the second element relative to its carrier in a direction towards the first

element.

4. A member according to Claim 2 further comprising a resilient element

urging the second carrier onto a seat formed in the hollow member.

5. A member according to any preceding claim wherein deformation of
the member to establish and discontinue electrical contact of said elements with

each other is within the elastic limit of the member.



each other is within the elastic linmt of the menber. - 6. A menber
a&cordi ng to Aaim1l wherein said nenbengdefi nes an axis extendi ng al ong

the interior m"m“mmnm e second electrically conductive elenent . is #
i nside the ne facing surface of the nenber, the first
carrier extends ifto*tht renfer |ongitudinally of the axis, the first
carrier is anchored to the nenber at a positicon spaced from said surﬁ_”a_e in

a direction away fromthe first el ement and, when the nenber is unsti&Ssed,
the first el&ment isAmengherdcgerdingto Claimohwherein saidonember defines areaxiecond

el enent. 7. | r rdin pm 1 [ el he .second gl enment
T resi | 1 EHEPYTECREPE AP SRR R 8, e ndh it B5HRA lsfri S SondinciiE ™
menber accor gleftertds Asiiethé thembeeat &9 axiailp fattngsuifiice o the metitser) the fifst
second electrically conductive contact el enent . away fromthe first carrier.

o i ndé%i’!ﬁiﬁTrﬁtﬂP‘éﬂii intetthg member langitidinally of thepxiss e firmgearrigr s a
astabl 1 shientieiorsy orits ohbegistd Bfflon sbitedt HORF sy JyrARBIEE dhdedo

arranged to pway fréen thesigoelintdrgaat, when tirnnembet i vbstBardstheTirshélement
capaci tance between said .el enents, 10. ..A fastener substantially as-
her ei ndescr i 5@tk ¢leetsically gordydivercontact withthensecppd elementri gure 2 or

Fi gure 3 of the:acconpanying draw ngs and which is a menber as defined in '
. . .7. . A member according to Claim 1 wherein the second .element is -

S 'fesiliently deformable relative to the hollow member. I -
e 8 - " A member according to Claim 7 further comprising a spriné for urgmg

g - the second electrically conductive contact element away from the first carrier. -

9. ' In combination with a membei'-_ according to any preceding claim, a
- signalling device arranged to provide a first signal in response to establishment
of or interruption of mutual contact of said elements and arranged to provide a

second signal in response to a change in the capacitance between said elements.

10. A fastener substantially as hereindescribed with' reference to. or as
shown in Figure 1, Figure 2 or Figure 3 of the accompanying drawings and which <

is a member as defined in Claim 1.




