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PCT/ USO8/ Wtddhos27 1 LOAD | NDI CATI NG FASTENER SYSPeRishEdHed AND
APPARATUS 2 Field O The Invention
3 This invention relates to |oad indicating fastener systens
that are adapted to indicate 4 | oads to which they are subjected and,

nor e speci ficall to_a non-contact el ectronic device, 5 such as a
react ance c a%%g SNDIGATINGEASTENER SYSTREMSMETHGRAYD ABPARATES ced
when a 6 fastening systemis strained, and, nore specifically, to a
non-Zontact i nmage processing or FiehkOf Thé Inventimvi ce, whi ch nmeasures a
changing air gap or form produced when a fastening systemis 8

strag ned. 9 This invention relates to load indicating fastener systems that are Bp(<ll t84Rdicate

4 loads to which they are subjected and, more specifically, to a non-contact electronic device,
5 such as a reactance capacitor, which measures a changing air gap or form produced when a
6 fastening system is strained, and, more specifically, to'a non-contact image processing or laser
7 device, which measures a changing air gap or form produced when a fastening system is
8 strained. |
9 _ Background

10 It is desirable that applied fasteners systems should be accurately tightened to the

11 designed load levels in order to ensure the structural integrity of the bolted joint. It is well

12 known that indicating strain gives a true representation of the load induced in the fastener

13 systems. Torque wrenches are commonly used for tightening fasteners to predetermined

14 torque levels, but they are subject to unpredictable friction so that the strain produced can be

15 widely inaccurate. In other words, controlling torque will not lead to accurate Ioading ofa

16 fastener system.
17 Prior Contact-Type Fastener Extension Measuring Devices
18 Some measuring devices, for instance linear transducers, need to make physical contact

19 to be functional. These contact methods are inherently difficult to use in the field. The

20 measurements of strain are extremely small and any surface contamination (corrosion, dirt,
21 natural abrasives, in service damage, etc.) leads to significant errors. Accordingly, it is an
22 object of the present invention to measure strain by using a non-contact device and method.
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Accor di ngl'y,

6 body or an associated washer design under an applied strain, and a separate non-contact gap
7 measuring device, such as an electronic device including a reactance capacitor, or such as an
8 image processing device, or such as a laser device, (hereinafter collectively and/or separately
9 referred to as “a non-contact gap measuring device”) which, when secured adjacent to the
10 fastener,. registers the said relative movement of the moving parts by a non-contact method.
11 The fastener system may i)e in the form of a bolt or stud, a nut and washers, or it may
12 take other forms. In the form of a bolt, the body of the fastener comprises a head and shank

13 which may be of substantially standard form. Similarly, in the form of a stud, the body

14 comprises a shank which may be of substantially standard form. In either of said forms, a
15 washer may incorporate the means of indicating the moving parts being sensed by a separate
16 non-contact gap medsuring device of the type described above. In the case of bolt or stud, the

17 load-sensing element responds to a change in length of the shank under the applied strain, In

18 the case of the washer, the load sensing element senses the change of shape in the form of the
19 washer under applied strain. Conveniently, the gap measuring device can be secured at the bolt
20 head, thread end, stud end, or washer where it can easily be secured when the fastener system
21 is in use.

22 The load-sensing element indicates changes in the length of the body of the fastener, or
23 changes in the form of the washer, or changes in the form of the bolt head as the fastener



22 . object of the present invention to nmeasure strain by using a

non- cont acwod@@PRE and net hod. PCT/US98/17060
1 . WD 99/ 09327
PCT/ US98/ 17060 1 formats even though fromtirre to time bel ow for
pur poses of clarity and brevity applicant wll use eit her one or
5 1" ol Wi RS ST S e BB Py et ate % Roirtdhe bAFaSPES: ener
systemis provided which 4 conprises a body to which strain is
appl Red mefihe fastener is in use, a |load sensing neans
3 In a preferred embodiment the load-sensing element is a solid diameter bar, one end
4 providing the anchorage part, the other free end to move relative to the fastener. At least part
5 of the load sensing element may be located in a blind bore or passage in the body. When the
6 load sensing means comprises an element, as described above, it may be provided by an insert
7 fitted into the blind end portion of the bore or passage. The anchorage may be anchored into
8 the base of the bore or passage. The bore or passage may have a smaller base portion in which
9 the anchorage part is anchored. Conveniently the non-contact gap measuring device is located
10 at or near the fre_e end of such a bore or passage. There may be direct anchorage of the
11 element to the body, for example by welding, threading or adhesive bonding, or the element
12 may be anchored to the base, which i§ suitably fixed to the body. The base of the bore or
13~ passage may be in the form of a close interference bore into which the element is pressed to
14 provide a secure anchorage.
15 The load-sensing element may be arranged to opefate over a given range of changes of
16 length of the body under applied strain. This will usually be by elongation of the body from the
17 unloaded condition up to the material proof load. When the load is applied to strain the body,
18 the load sensing element moves into the body away from the zero datum (datum means the
19 fixed part on the fastener upper head face that does not move). The non-contact gap
20 measuring device attaches to the body and measures the difference between the datum point
21 (reference point or form) on the body and the load sensing elerhent, and the non-contact gap
22 measuring device is calibrated to indicate load.



Y . having parts arranged for relative novenent in response to change in

| engt h or WOrRR7the 6 body or an associ ated washer BEBU§ISAIMDer an
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such as an el ectronic device including a reactance capacitor, or such as an
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regi sters el at.i ve novenent _of the npv arts by a non-contact
net hod. caigrateﬁo m‘g‘cateth"‘l*g%e‘feéél’%%ll“gﬂét% é/n‘g%‘Pr n the formof a bolt

or stud, a nut_and washers, or it may 12 take other forns. In the form
of adbolt, thelnrsethesforontherload semsing c@zyrheu asranged teaagistanapplied foads up %o the

whi ch may be of substantially standard form Simlarly, in the formof a

st ud4 t heprooflivad of the materdad bp meansing thédeffectibn ofa spryially dediged boitdivid ahéry

standard form In either of said fornms, a 15 masher nay i ncor porate
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non- cont act gap neasurlng device of the“type descri bed a ove e case

of bg . % eaciiI other w?)en the bolt is under strain. The non-contact gap measuring device is calibrated

7 to indicate the fastener system load as explained above.
8 - The method used in the preferred embodiment of the present invention is measurement
9 by reactance which is
10 Capacitive reactance = 1
11 2nFC
12 and capacitance = DxA
13 G
14
15 Hence reactance = G
16 ) 27nFDA
17 Displacement = change in gap
18 Where F = Frequency (hertz)
19 C = capacitance (farads)
20 D = dielectric constant ( air = 1)
21 A = area (inch squared)
22 G = gap (inch)
23 Set forth below are some of the advantages of the present invention:
24 1. A non-contact gap measuring device comprising all of the necessary electronics
25 measures a changing air gap or form produced when a fastening system is strained without

26 physically coming into contact with the moving parts being measured.

27 * 2. Measuring by non-contact minimizes error from contamination or the environment.
28 3. The distance being measured is determined from the average mean value of the
29 entire surface being measured, which is not the case for contact methods.



17 . load-sensing el enent responds to a change in |ength of the shank
under the wppbiggst7strain. In 18 the case of the msherpcﬁﬁgs}lm
sensing el ement senses the change of shape in the formof the

washer under applied strain. Conveniently, the gap neasuring deV| ce can be
secured at the bolt 20 head, thread end, stud end, or washer mhere It

can easily be secured when _t he fast stem 2 N use.
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fastener, or 23 changes in the form of t he washer, or changes in the
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3 WO 99/ 09327

PCT/3JS98/ 1706(Fig, 3 is a view similar to Fig. 1 showing an altemative option for measuring the gap
4 by using only a cylindrical type reactance capacitor. The portable head is secured to the fixed
5 part of the fastener datum face. The cylindrical type reactance capacitor measures the gap

6 between the face of the cylindrical type reactance and the upper free end of the surface of the

7 measuring element. The non-contact gap measuring device computes the different

8 measurément of the gap and is calibrated to indicate clamping load induced by the fastener

9 when it is in use.
10 Fig. 4 is a view similar to Fig. 1 showing a specially designed washer that deflects
11 when the fastener system is under strain and an non-contact gap measuring device for
12 measuring the gap. The reactance capacitor non-contact gap measuring device, when secured
13 to the bolted joint, measures the gap between the face of the reactance capacitor and the part
14 being measured on the washer.
15 Fig. 5 is a view similar to Fig. 1 Showing a specially designed washer that deforms the
16 head of the fastener so that two different parts of the head can be measured relative to each
17 other by the reactance capacitor non-contact gap measuring device when the fastener is under
18 strain.
19 Fig. 6 is a view similar to Fig. 1 showing a further modified form of the present
20 invention with an image processing or laser type gap measuring device fitted for use.
21 Fig. 7 is a view similar to Fig. 1 showing a fastener head which is modified to deflect
22 under load when the fastener is subjected to a tensile force.
23 Fig.8 is a view similar to Fig. 1 showing a furthef modification of the present invention



1 .at which the fastener system nmay be used will not affect the

functi oni mgo aodosste | oad- sensing 2 el enent . 3 PCT/US8/ 1602
preferred enbodi nent the | oad-sensing elenment is a solid dianeter bar, one
end 4 provi di ng the anchorage part, the other free end to nove
relative to the fastener. At |east part of the | oad sensi ng el ement
may be | cat i,n.a bljnd age theb Wien t he

| oad seng‘} r?égﬁé"t‘fﬁf ?er %ﬁ&a’ﬁﬁ%&‘%ﬁéﬁf" e%‘tg“él 53386’19‘}‘3 Pt’va%'ypnfé
provi ded by an insert fitted i.nto the bllnd end portion of the bore

or Passadatuntface éhc'l’l@r@@g@ntrﬁymen@mc Heads @applieddo thegshank 4 by nit-2fewhbén thee bor e

or passage. The bore or passage nmay have a snaller base portion in which
9 3 thésepeniBingse. Tae responsaicieimtedtto thoestemiondfithe shask Aanda@ Ppmitlogﬁp

neasuring device is |located 10 at or near the free end of such a bore
RasSaghs a g@gpﬁa@w r 136 elineRiCS t@é&ﬁ&oa’ 64 18hdd £ to Inbicate GIEBEN ug {%}
body for ex wel di ng, threadi or adhesi ve bondi ng, or ‘the elenent

5 proof load for the material of the body 2. Therefore, the element 8 is arranged to respond to

6 the extension of the shank 4 up to the extension cansed by the proof load. For thistobe

7 achieved the element 8 is set in bore 7 of the body such that the anchorage in counterbore 9
8 moves the element 8 into or out of the body 2 depending on the load being induced into the -
9 shank 4. Therefore, the element 8 free end 8A moves relative to the head 3 upper datum

10 surface 11 depending upon whether the shank 4 is being loaded or unloaded. When the shank
11 4 is free from load, the element 8 and the head upper datum surface 11 are flush which

12 indicates no load in the shank 4. Because the shank 4 material obeys Hookes Law, the gap |
13 created between the element 8 free end 8A and the head 3 upper datum surface 11 can be

14 calibrated to indicate load by the portable head measuring device 13 up to the proofload of the
15 shank 4 materials. Provided the proof load is not exceeded, the load indication will be always
16 repeatable.

17 The portable head 13 carries the reactance capacitors 15,16 and is constructed to

18 accurately locate onto the head 3 locating spigot 10. The portable head 13 is secured to the
19 head 3 by a magnet 14 mounted on the bottom of portable head 13, or portable head 13 may
20 be secured to head 3 by other known means. The ring type reactance capacitor 16 measures
21 the gap between the face 11B of the capacitor 16 and the head 3 upper datum surface 11. The
22 cylindrical type reactance capacitor 15 measures the gap between the surface I1A of the

23 capacitor 15 and the free end 8A of element 8. The said gaps between the said surfaces and

11



12 . may be anchored to the base, which is suitably fixed to the body. The
base of theoboos2pr 13 passage may be in the form of a rdwessn7060

i nter.ference bore into which the elenent is pressed to 14 provi de a
secure anchorage. 15 The | oad-sensing el enrent may be arranged
to operate over a given range of changes of 16 Iength of the body under
appljed s is wll ua be b eIon on \ yn the 17
unl ohded * s?‘amfoﬁaﬁs’pwmafeﬁim& Sr O e RGEI%. 9N 87 PTGk LSO | e
to strain the body t he | oad sensing el enent_noves into the body
away2 f r o dpam@at&eéhm ‘hmsphla@tedﬁmm itsse gﬁlw camerg 3k eprnherrepleed hyea lasest ener
upper head face that does not nove). The non-contact gap 20 measuri ng
devite atIMaidadupledtde pbadysonds and esareadont s el tbfacrompaterifedtwhewn). he dat um
point 21 (reference point or form) on the body and the |oad sensing

el engnt, and tAesddffin PR afditedfifive dgtion for MRASIHNgMHe ASMh& hehd 46 AbfiABREd tO

i ndi cate | oad.
5 when the system is under load. The specially designed head 40 is shaped with an anmular

6 groove 41, a spigot 10 having an annular outer face 42 surrounding a recess 43 having a floor

7 44 and cylindrical wall 45, and the portable monitor 34A with the camera or laser 34 detects

8 the change in shape of the head when under load. The electronics is calibrated_. to recognize the
9 load scale from zero to proof load of the material and indicates load induced into the fastener.
10 Fig.8 is the same as that described in Fig.7, but a special washer 21 causes the specially

11 designed head 46, having recess 43 with floor 44 and wall 45 and outboard concave face 47,

12 to deflect.

13 Fig.9 is the same as that described in Fig. 7, but the special washer 22 changing shape
14 due to the fastener system loading up to the material’s proof load is detected by either the

15 - camera or laser 34 as shown.

16 The foregoing description of a preferred embodiment and best mode of the invention

17 known to applicant at the time of filing the application has been presented for the purposes of

18 illustration and description. It is not intended to be exhaustive or to limit the invention to the
19 precise form disclosed, and obviously many modifications and variations are possible in the

20 light of the above teaching. The embodimenf was chosen and described in order to best explain
21 the principles of the invention and its practical application to thereby enable others skilled in
22 the art to best utilize the invention in various embodiments and with various modifications as

23 are suited to the particular use contemplated. It is intended that the scope of the invention be

13
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PCT/ U898/ 159600327 1 defl ection agal nst a static part Q&r}d@?s/ 7060
washer/bolt. The non-contact gap neasuring devices are 8%
to indicate the fastener systemload as explai ned abave

another form the |oad sensing may be arranged to re ads up
to the 4 proof | oad of the materi al by measur Eiiﬁlﬂﬁm uﬁn of a
speci al | y designed bolt head when LLAIMBhe bol t t he
measur enent being taken fromtwo parts which are noving rel ative

to each other \Ahgrmcamnmﬂmqeshmadanatm portablecsensing headt whkith gﬂmn@aﬁudl ng
device is calibrated 7 to indicate the fastener system| oad as

expl @ ned adjacentt a fastener system, detects a changing gap or form produced by the fastener when the

atd

3 system is under strain without contacting the sensed portions of the fastener undergoing
4 significant relative movement
1 2. The device of claim 1 further characterized by a reactance capacitor supported in the

2 portable sensing head and detecting the changing gap or form.
1 3. The device of claim 1 further characterized by a camera or laser supported in the

2 portable sensing head and detecting the changing gap or form.

1 . 4. The device of claim 1 further characterized by the changing gap is produced by an

2 element embodied within the fastener when the system is under strain.

1 ' 5. The device of claim 1 further characterized by the éhanging gap is produced relative
2 to a deflectable washer of the fastener system when the fastener system is under strain.

1 6. The device of claim 1 further characterized by the changing form is produced by a

2 deflectable bolt head or washer of the fastener system when the fastener system is under strain.

1 7. The device of claim 1 further characterized by the changing form is a bolt head and a
2 washer of the fastener system under strain.
1 8. A device of any one of claims 1-7 used to indicate load of the fastent;,r.
1 | 9. A device of any one of claims 1-7 used to indicate when the load on the fastener
2 reaches a predetermined load.
1 10. A device of any one of claims 1-7 used fo communicate with a fastener tightening
2 mechanism.
1 11. A device of any one of claims 1-7 used to transmit a signat for remote sensing.
15
This Sheet Has Been Replaced THIS SHEET HAS BEEN

1 ReACE

T



8 . The met hod used in the preferred enbodi mrent of the present

I nvent i on we 998 Ur enent 9 by reactance which is PLA/USY8/17060

Capaci tive reactance = 11

[err] 12 and capacita 15 Hence
react ance G 16 1!‘ ﬂllll“llj

[err by; D spl ace T nifap 18

Wiere F 2YFr equency (hertz) 19 C= capaci tance
(farads) 20 dielectric cogestant air =1) 21
A =3%rea (inch squ ;;,né-@,i portion for mounting the detector head atopg ag ;95 ﬁgﬁger 23

Set forth below are sone of the advantages of the present invention: 24
1. A non- cont &it Thepppaeatesiof claim®@Owinareio dlmspenidgiontipreis furtifer tharacterized gy vy
el ectronics 25 measures a changing air gap or form produced when a

fasteni ng system i g fkéstd\§éniiz inHeldetector head along its longitudinal axis terminating

3 in a flat end face orthogonal thereto for fitting around a spigot of the fastener.
1 22. The apparatué of claim 20 wherein the end portion is further characterized by:
2 a recessed opening in the detector head along its longitudinal axis for receiving

3 a locator peg positionable within the portable head and the fastener head for guiding the

4 detector head into a position relative to the fastener.

1 23. The apparatus of claim 20 wherein the end portion is further characterized by:
2 a magnet mounted therein.

1 24, The apparatus of claim 20 whe rein the end portion is further characterized by:
2 a friction fit with the spigot. .

1 25. The apparatus of claim 19 wherein the attachment portion is further characterized
2 by:

3 an end portion for mounting the detector head to the side of a head of the
4 fastener.

1 26. The apparatus of claim 1S wherein the detector head configuration and

2 construction for sensing the changing gap or form is further characterized by:

3 at least one reactance capacitor symmetrically mounted in one end of the

4 detector head relative to the longitudinal axis of the detector head.

1 27. The apparatus of claim 26 wherein the at least one reactance capacitor is further

2 characterized by:
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26 . physically conmng into contaet—with the moving parts bei ng neasur ed.

27 WO 95@932%easuri ng by non-co ct m nimzes error fpofiusesizo6o
cont airi nation or the environnent. % " I" ﬂl’ll& he di stance bel ng
measured is determ ned fromthe aver t he entire
surface bei ng nmeasured, which is not the case for dont act rret hods.

bt Usosy 170603+ THeappasatis of claim 15 wherein the detegioz head cnfiguratignend; 1 showi ng

the fastener described jn Fig. 1 without the 2 portabl e head.
construction for sensing the changing gap or form is further characterized by:

3 a central bore through the detector head concentric with a longitudinal axis of
4 the detector head terminating at one of the detector head, and

5 a camera mounted adjacent the other end of the central bore with a longitudinal
6 axis of the camera concentric with the longitudinal axis of the central bore for viewing the

7 changing gap or form.

1 35. The apparatus of claim 15 wherein the detector head configuration and
2 construction for sensing data defining relative movement is further characterized by

3 a central bore through the detector head concentric with a longitudinal axis of

4 the detector head terminating at one of the detector head, and

5 a laser mounted adjacent the other end of the central bore with a longitudinal
6 axis of the laser concentric with the longitudinal axis of the central bore for viewing the

7 relative movement,

1 36. The apparatus of claim 15 wherein the generating circuit responsive to the sensed

2 changing gap or form for providing an output signal indicative of the clamp load applied to the
3 fastener is further characterized by: |

4 said circuit includes a capacitance pre-amplifier,

1 37. The apparatus of claim 15 wherein the generating circuit responsive to the sensed
2 changing gap or form for providing an output signal indicative of the clamp load applied to the

3 fastener is further characterized by:

4 said circuit includes an image processor.
1 38. The apparatus of claim 15 wherein the generating circuit responsive to the sensed
This Sheet Has Been Rep. 19
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3 Fig. 3is aviewsimlar to Fig. 1 showng an alternative

option forwosmsaseing the gap 4 by using only a cyli ndidroedostiyise
react-ance capacitor. The portabl e head—+s—secured to the fixed 5 part
of the fastener datum face. The cyguiag t ype reactance capacitor
measures the gap 6 bet ween %H"[m i [ﬁﬁ#ln lindrical type reactance
and t he ;gper free end of the surfacecoly p measuring el enent. The
non-Zont £8erageEzeEs ur i ng devi ce conputes t he di f'f er ent 8 measur ement
of the gap and is calibrated to indicate clanmping |oad i nduced by the
fast®ner 9 witheideflectien pfanegboard agnular peripheral portioryof the washervi ew

simlar to Fig. 1 show ng a specially designed washer that deflects 11
whenl t he fast e16eThe yppaatus of claithess firtherd chasaeteriaed byan- cont act gap neasuri ng
devi ce for 12 measuring the gap. The reactance capacitor non-contact

gap greasuring devi Gge cHUAGH %t‘iﬁ 5 Getween adeflecteR FAd3DF AR Willet MidY dattﬂiﬁ%?izf&@é

the gap between the face OF e reactance capacitor and the par
bel ng ARl e washer-

1 47. The apparatus of claim 15 wherein the relatively moving portions are further
| 2 characterized by:
3 | first and second portions of the bolt head.
1 48. The apparatus of claim 47 wherein the significant relative movement is further

2 characterized by:
3 a deflection of the first portion of the bolt head relative to the second portion of

4 the bolt head.

B! 49. The apparatus of claim 48 characterized by:

2 a head shape including a central recess in an outboard face.

1 50. The apparatus of claim 49 characterized by:

2 a head shape including a concave outboard face.

1 51. The apparatus of claim 15 characterized by:

2 a head shape including an inboard annular groove in the underside of the bolt

3 head and a spigot on the top side of the bolt head with a central recess therein.

1 52. The apparatus of claim 15 further characterized by:
2 the changing form is the bolt head of the fastener system.
1 53. The apparatus of claim 15 further characterized by:
2 the changing form is both a bolt head and a washer of the fastener system.
21
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15 ., Fig. 5is aviewsimlar to Fig. 1 showng a specially

desi gned W99327hat deforns the 16 head of the fastReEPSPBATIMat t wo
different parts of the head can be neasured relative to each 17 ot her
by the reactance capacitor non-contacg J L measuri ng devi ce when the
fastener is under 18 strain. 1 Fig. 6 is a viewsimlar
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with an i mage processing or |aser type gap neasuring device fi¥fed for use.
21 Fig. 7is aviewsimlar to Fig. 1 show ast ener head
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Fig. 1 showi ng ajfurther nodification of the present invent mn
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PCT/'US98/ WiD$09327 1 face 11 and a |lower face 12. The ePEKPAS/13060r ce end
8A is ground flush with the head 3 upper 2 datum face 11. The el enment
8 responds to | oads applied to the shgpz by nut 28 when the 3

fastener is in use. The response is r ted to the extension of the shank 4

under applied | oads. 4 It is appropriate for the elenent 8 §o sense
applied loads and to indicate said |loads up to the 5 rq | oad for
the material of the body 2. Therefore, the elenment 8 is ged to respond
to 6 t he extension of the shank 4 up to the extg#sion caused by the
proof | oad. For this to be 7 achieved the elenent 8 is set in bore 7
of the body such that the anchorage i n tounterbore 9 8 noves t he
elenment 8 into or out of t body 2 dependi ng on the | oad bking induced
into the 9 shank & erefore, the elemgrt 8 free end} 8A noves
relative fo theead $/upper datum 10 suffacy 11 depengdi ng upo
whet her tpe 5@4 i'$ being | oaded or unl oaded. ST tTeSiTamk ,
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11 4 is free fromload, the elenent 8 and the head upper datum surface

11 are f| Wn99%3h 12 i ndicates no load in the shank RCTBHIUHE0t he
shank 4 materi al obeys Hookes Law, the gap 13 created between the
element 8 free end 8A and the head 3 dat um surface 11 can be 14
calibrated to indicate | oad by the po?fzﬁpe head neasuring device 13 up to
the proof |oad of the 15 shank 4 materials. Provided the proof load is
not exceeded, the load indication will be always 16 r epeat abl e. 17

The portable head 13 carries the reactance capacitors 15,16 and is

constructed to ating spigot
10. The portablg head 13 is secured to the head 3 by a nagnet 14
nount ed on the tt om of t abl e head 13, or portable head |13 may 20
be secur eg—teo—HeEat—3 tx/GF er known nmeans. Thegphi Ng type redctance
21 7
2

capacitor |16 res the gap between t e 11B ofl the capacitor
16 and the¢ he ppgqr datum surface 11. The 2 | '
r

pe
reactancefcap 14 neasur e33A ga$L£5§y§5111J§;

he
e
24 t !
1 it

g 168 | 18A
000 14
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23 _ capacitor 15 and the free end 8A of elenment 8. The said gaps between
the sai d WOP%HSLT and WD 99/ 09327 PCT/US98/17060

PCT/ US98/ 17060 1 the elenment 8 are conpared by the canmera or |aser
system 34, 35 and calibrated to indic?t9 2 | oad that the shank 4 is
subjected to during its use. The canera 3§ can be replaced by a | aser 3
34 and coupled to a processor 35 and to a readout 36 or to a conputer (not
shown) . 4 As seen in RABg.7 adSalternative option for
measuring the fastener head 40 defl egtion 5 when the systemis under

| oad. The specially designed head 40 \s shg@ped with an annul ar 6

groove 41, a spigot 10 having ans or82ace 42 surrounding a recess

43. having a fl oor 10 ////’_40
/_41

| 77/022777.

26
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7 “ 44 and cylindrical wall 45, and the portabl e nonitor 3ﬁwth%
camera or | aser 34 detects 8 the change in shape of the head wh M@
under | oad. ectronics is calibrated_to reco n|ze t he

el
scal e APOR 7 01% 81 pr 889383 of the nat ePFRSAMEY PHYE

grcat es Ioad |n cea

into the fastener. 10 Fig.8 is the saijy .,=
Fi g. 7 but a_special washer 21 causes the specially <y, %ﬁ¢%§j
46, recess 43 with fl oo II 45 and ousisee fa
47, ﬂlﬁ“l mﬂ“ "Ilﬂﬂim Fig.9 is the same as that

descri bed in peci al

washer 22 chanyFBMMp&T 320-24 due

to the fastener system oadi ng up to the terial's proof | oad is detected
by either the 15 camera or | aser®iagd shown. The

f oregoi.ng descri t|on referre

I nvent ilon 17 = kn R{j aﬁ%%?ﬁﬁ W%WQI cation
has be presented for the purposes of illustration and

descri fiti or#ﬁh }Q‘ge"ﬁb i ntended to be exhaustlve or tolimt the invention

to the, 8. Adevice of any one of claims 62-63,65-68, 70-74 [1-7] used to indicate

4 when the load on the fastener reaches a predetermined load.
10. A device of any one of claims 62-63, 65-68, 70-74 [1-7] used to
communicate with a fastener tightening mechanism.
11, Adevice of any one of claims 62-63, 65-68, 70-74 [1-7] used 0
transmit a signal for remote sensing. .
" 12, Adevice of any oné of claims 62-63, 65-68, 70-74 [1-7} used 1o

10 detsrmine that the fastener system is still within the desired design pre-load window.

0 @ N o w

1 13.  Adevice of any ane of claims 62-83, 85-88, 70-74 [1-7] used to

12 indicate load at elevated temperatures.

13 14. A device of any one of claims 62-63, 65-68, 70-74 [1-7} used to give a |
— 14 waming or signal when-a desired fastener system pre-load is reached.
~ 15 20. The device of an; one of claims 62-63, 65-88, 70, 72, 73 [20] further

16 characterized by: |

17 an attachment portion having an end portion for mounting the detector

18  head atop a head of the fastener.

19 21.  The device [apparatus] of claim 20 wherein the end portion is further
20 characterized by:
21 . a recessed opening in the detactor head along its longitudinal axis
-_
1
This Sheet Has B

LT - -




19

-

preci se formdisclosed, and obviously many nodifications and
vari ations are possible in the 20 | i ght of the above teachlng The
enbodi ment was chosen and described in order to best explain

princi pA/eY18%9 t13e3L nvestelBEMiSand its practTRHSAHEY FEXEi on to theré’ﬂ?

abI e

others skilled in 22 the art to best ut|I|ze the invention in various
enbodi nents and with various nodifications as

be

10

1
12
13
14

- 18

16
17
18
19
20

21

particyl ar -use cont en’ﬂ“ﬁﬁ“"‘“ Hml“m ended that the m:g ﬁgfﬁﬁblgn

IPEATDST 3 OCT 1999

VFB 98018 PCT; 320-24
terminating in a flat end face orthogonal thereto for fitting around a spigot of the
fastener. ‘

22, The device [apparatus] of claim 20 wherein the end portion is further
characlerized by:

a recessed opening In the detector head along its longitudinal axis for
receiving a locator peg positionable within the portable head and the fastener head
for guiding the detector head into a pasition relative to the fastener.

23, The device [apparatus] of claim 20 wherein the end portion is further
characterized by:

a magnet mounted therein.

24. The device [apparatus] of claims 20 wherein the end portion is further
dlaractadzad by:

a friction fit with the spigot.

29. The apparatus of claim 73 {15] wherein the multiple first [at least one
reactance] capacitor plates are [is] further characterized by:

a cylindrically shaped capacitor mounted concantrically with a ring
shaped capacitor.

30, The apparatus of claim 29 wherein the cylindrically shaped capacitor
mounted concentrically with the ring shaped capacitor is further characterized by:

a bottom face of each capacitor Is equatly spaced from an end plane of
the detector head orthogonal to the longitudinal axis of the datector head.

" 31, The apparatus of claim 20 wherein tha eylindrically shaped capacitor
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1. - A load nmeasuring apparatus conprising: an externally
nount ed camera or |aser supported in a portabl e sensing head and

configured and constructed for sensing a changin bet ween,

hand; WAL deSlof WeH4P4%Pn and anchor &Y ﬁa‘-‘%dgép%f a bore in Aé'%off?
head and shank of a fastener system and on the oth 2 g. gfg of
the bolt head ot—the+astener—system caused by | ensi on

t he shank wunder t he datum f ace de é/gbhout
cont act i ng the rel a‘j ﬂgm ﬁm [mortlons of the fastener s;}l d

a generating circuits NSk Ves G the sensed changing gap for providing

an output signal indicative of a clanp |oad appli eqpb%ligp‘cqstm system
2. A | oad neasuring apparatus conpri sing:

) mounted concentrically with the ring shaped capacitor Is further characterized by:

2 a bottom face of each capaclter is spaced aparl from each other and
3 from an end plane of the detector head orthogonal to the longitudinal axis of the
4 detector head. | |
5 -32. The apparatus of claim 72 [15] wherein the at least one reactance
- 6 capacitor is further characterized by:
: T 7 a pair of concentrically motinted ring capacitors.
8 33. The apparatus of claim 32 wherein the pair of ring capacitors is further
9  characterized by:
10 a bottom face of each capacitor is equally spaced from an end plane of

1 the detector head orthogonal to the longitudinal axis of the detector head.

12 62. Aload measuring apparatus characterized by:

13 an externally mounted camera or laser supported in @ portable sensing
14 head and configured and constructed for sansing a changing gap, between, on the
15 one hand, an end face of  bar in and anchored to a base of  bore in a balt head

16 and shank of a fastener system and, on the other hand, a datum face of the boit

17 head of the fastener system, caused by longitudinal extension of the shank under

18 strain relative o the datum face on the bolt head without contacting the relatively

19 moving poctions of the fastener system, and

20 a generating circuit responsive to the sensed changing gap for .

21 providing an output signal indicative of a clsmp load applied 10 the fastener system,

22 63. A load measuring apparatus characterized by:
Tl o
) gHEET
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a canera or laser, externally renovably positionable and supportable on a
portable detector head atop a fastener systemto be visually or |ight beam

coupl ed ectiyely bolt head of t astener system al on S
par al | e*a/%%?%%eq% éngl %88%‘4%%5 axis of the @Qi‘f%‘nbﬁw (fgécteem confi gur %ﬁ%]a?a%l
constructed for sensing a changing form caused by ﬁ t
portion of the bolt head relative to a second portl mag ﬁ%ﬁ
when the fastener is under strai n rl se,d ortions
of the bolt head, and u”w mﬂﬂﬂﬂm,: 5@]'t 4999e
sensed changing formfor providi ng an éut But® si gnal |nd| catlve of a clanp
| oad applied to the fastener. VFB 88018 PCT; 320-24 15

1 a camera or laser, externally removably positionable and supportabla on a portable
2 detector head atop a fastener system to be visually or light beam coupled,
3 respectively, to a bolt head of the fastener system along an axis parallel to the

4 longitudinal axis of the fastener system configured and constructed for sensing a

5 changing form caused by a deflaction of a first portion of the bolt head relative to a@
- 6 second portion of the bolt head when the fastener is under strain without contacting
g the sensed portions of the bolt head, and

8 a generating circuit responsive to the sensad changing form for

9  providing an output signal indicative of a clamp load applied to the fastener.

10 65. The apparatus of claim 83[4) or 70 further characterized by:
1 ' a boft head shape Including a central recess in an autboard face.
12 68,  The apparatus of clalm 63[4) or 70 further characterized by:
13 a boit head shape including a concave outboard face.
— 14 67. The apparatus of claim 83[4) or 70 further characterized by:
~15 bolt head shape including an inboard annular groove in the

16  underside of the bolt head and a spigot on the top side of the bolt head with a
17 central recess therein.

18 68. The device of claim 63 or 70 further characterized by the changing
19 form is a boit head and a washer combination of the fastener system under strain.
20 70. A measuring device charactarized by a portable sensing head, having

21 a first cylindrical capacitor plate fixedly supported in the portable sensing head,
22 externally removably positionable atop an integral head portion of a fastener

o - ———
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3. A neasuring device conprising a portable sensing head, having a first
cylindrical capacitor plate fixedly supported in the portable sensing head,
externally renovably 4gosi ti onabl e atop an integral head portion of a

f ast endf/ 1SS ni2:3hd” BeHE4Rict ed and conPPHHSBIA FFFISFrect |y capalt®i Wl y
coupling to a second cylindrical capacitor plate ggozﬁ ?id he
fastener systemto forma capacitor for use in a c B@ba
changi ng gap, ne ﬂ& i erence dat um pl ane jpik alt f

t he fastener sys?* ﬁ " Imqn gap being produced 1 n tH Pf‘a@&ﬁgggﬁﬂen
the fastener systém fs under sstkai n and causing a variance in the

capacitive reactance of the detection circuit wt h%mmﬁmemi ng
head 1 system, and construded and configured for directly capacitively coupling to a

second cylindrical capacitor plate movably supported in the fastener system to form

a capacitor for use in a circuit for detecting a changing gap, measured from a

reforence datum plane of the bolt head of the fastener system, the changing gap

being produced in the fastener when the fastener system is under strain and

causing a variance in the capacitive reactance of the detection circuit without the

portable sensing head contacting the second movabla capacitor plate.

71. A measuring device characterized by a sensing clrcult having a first

- I N I T

capacitor plate externally removably positionable beside a deflectable washer
. mounted between an integral head portion of a fastener system and a workpiece,

o
(-

and constructed and configured for directly capacitively coupling to a second
12 capacitor plate movably supported on the washer of the fastener system to form a
13 capacitor for use in a circuit for detacting a changing gap between the first and
14 second capacitor plates, the changing gap being producad when the fastener

- 15 system is under strain and causing a varlance in the capacitive reactance of the

—
-

16 detaction circult without the sensing clrcult contacting the second movable capacitor
17 plate '

18 72. A measuring davice characterized by a portable sensing head, having
19 muitiple first capacitor plates fixedly supported in the portable sensing head,

20 extemnally removably positionable atop an integral head portion of a fastener

21 systern, and constructed and configured for directly capacitively coupling each of the

22 first capacitor plates to a common sacond capacitor plate movably supported on the

This Sheet Has Been Replaced ) : b
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cont-acting the second novabl e capacitor plate. 4. A nmeasuring
devi ce conprising a sensing circuit having a first capacitor plate
exernal ly renovably positionabl e beside a defl ectabl e washer nounted

bet weere/zaA1d9at agr3al heBaL4peSt i on of a f aPorhiss Wsifé?ﬁﬁand a wor kpiPé&e,18 and

constructed and configured for directly capacitivel YEIUHH
capacitor plate novably supported on the washer of t f g&ﬂf}f@&rﬂ

forma capacitor for udHHH g or detecting u"'f‘ﬁ ] en
the fi'rst and second cﬂmnumr“mmmmnthe changi ng™gap Del ng pﬂ@l’bﬁg&
when the fastener systelmi%s uUnd&r &train and causing a variance in the

contacting the second movabl e capaci for  plate, | VFBesbiEPETRIAREAT [TCT!
devi C¢ CORRdbRdrIsRmB TORPIMBIPR BHESIE R usd Vd BFbuit for detecting a

2 changing form of the boit head of the fastener system, the changing form being
praduced in the fastener when the fastener system is under strain and causing a
variance in the capacitive reactance of the detection circult,

73. A measuring device characterized by a portable sensing head, having
first, spaced apart, capacitor plates fixedly supported in the portable sensing head,
externally removably positionable atop an integral head portion of a fastener

8 system, and constructed and configured for directly capacitively coupling the first

9 capacitor plates to a second capacitor plate a partion of which is movably supported
10 Inthe fastener systam to form multiple capacitors for use in a circuit for detecting &
n changing gap, measured from a reference datum plane of the bolt head of the

12 fastener systemn, the changing gap being produced in the fastener when the fastener

o~
.

L I - SV R S

13 system Is under strain and causing a variance in the capacitive reactance of the

14 detection circuit without the portable sensing head contacting the second movable
-_/15  capacilor plate.

16 74. A measuring device characterized by a portable camera or laser

17 which, when externally removably positioned and supported alongside of a bolt

18 head and deflectable washer of a fastener system and visually or light beam

19 couplad, respeactively, to the bolt head and washer along an axis cutling the

20 longitudinal axis of the fastener system at a substantial angle, detects a changing

21 gap or form produced in the fastener when the system is under strain without

2 contacting the sensed portions of the fastener undergoing significant relative

_— s
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mul t1ple first capacitor plates fixedly supported in the portable sensing
head, ext ernally renovably positionable atop an int egral head portion of a
f ast ene system and

const rb‘?ft‘%(ds%?ndzc%nf i QRPPEF%or directly cEPALPA Wbﬁ’ﬂ%upl ing eact™8¥ the
first capacitor plates to a conmmon second capamtofgm r?Iy support ed
on the fastener systemto formnultiple capacitor goé cg

for detecting a changi mlt head of n t he
changing form bei ng pr ﬂllmmmm ﬂmH t ener when m g Og'g ﬁgg

under strain and causing+*a ¢ L

VFB 98016 PCT; 320-24
1 movement.
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variance in the capacitive reactance of the detection circuit. 6.

A nmeasuring device conprising a portable sensing head, having first,

spaced apart, capacitor plates fixedly supported in the portable sensing
head, externally renovably positionable atop an integral head portion of a
fastener system and constructed and configured for directly capacitively

coupling the first capacitor plates to a second capaci ortion
of which is novably supportedip the fastener systg | ti pI e
capacitors for use in a ci rcumﬂilmﬁ-det ecting a m’” Hiyﬂu red
froma reference datum pl ane of the bolt head of the* fas rn

changi ng gap being produced in the fastener when-the fastener sysfemi s
under strain and causing a variance in the capacitive reactance of the
detection circuit w thout the portable sensing head contacting the second
novabl e capaci for pAdoad measuring apparatus comprising:

" an externally mounted camera or laseér supporied in a portabla sensihg
head and configured and construcled for sensing a changing gap, batween, on t_hé
one hand, an end face of a bar in and anchored to a base of a bore in a bolt he#d
and shank of a fastener system and, on the other hand, a datum face of the boit
head of the fastener system, caused by longitudinal extension of tha shank under
sirain relative to the datum face on the bolt head without contacting the relatively
moving portions of the fastener system, and |

a generating circuit responsive to the aensad changing gap for
providing an output signal indicative of a clamp Ioad applied to the fastener syslem.

2.  Aload measuring apparatus comprising:

a camera or laser, externally removably positionable and supportable o a portable
detector head atop a fastener system to be v_isqally or light beam coupled,
respectively, to a bolt head of the fastener systém along an axis parallel to the
longitudinal axis of the fastener system conﬁgdr-ed ‘and conétnicted for sensing @
changing form caused by a deﬂéction of a first portibn of the bolt head relative -t& a
second portion of the bolt head when the fastener is under strain without contacting
the sensed portions of the bolt head, and

a generating circuit résponsive to the sensed changing form for

providing an output signal indicative of a olafnp'lbad applied to the fastener.

15 REPLACEMENT SHEET
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7. A neasuring device conprising a portable canera or |aser which, when
externally renovably positioned and supported al ongside of a bott head and
defl ect abl e washer of a fastener system and vi SL,MIN" m am coupl ed,
respectively, to the bolt head and washer al ong E uﬂ ”1 ﬂt he

| ongi tudinal axis of the fastener systemat a sdbsfantial a@nglke, detects a
changing gap or form produced in the fastener when the systemis under

strain w thoug con hBdrihd Bevice comprising a portable sens ad, havi cst 17
sensed portio%’s of a'ﬁgh?grst@ener under gol nNg glorénbli isggﬁtnprheqaat'P\?emr?l)?/'eifrsént.

cylindrical capacitor plate fixedly supported in the portable sensing head, externally

removably positionable atop anintegral head portion of a fastenar system, and
construcled and configured for directly capacitively coupling 1o a second cylinrical
capaitor plate movably supported in the fastener systen to form a capaitor for use
" in @ circuit for detecting a changing gap, measured from a referenca datum plane of
the boll head of the fastener system, the changing gap being produced in the
fastener when the fastener system Is under strain.and causing a variance In the
capacitive reactance of the detaction circuit without the portable sensing head
contacting the second movable capacitor plate.
4. A mqasurlng device comprising a sensibg- circuit héving é ﬁrg.l
capacitor plate externally removably positionable beside a-déﬂéclable washer
~mounted betwaen an Integral head portion of a fastenér system and a workplece,

and constructed and configured for ciireclly capacitively coupling to a second

capécllor plate movably supported on the wash‘er.pl‘ the fastener system to form a
capacitor for use in a clrcult for detecling a changing gap between the first and
second capacitor plates, the changing gap being’ produced when the fastener
systom Is under sﬁain and causing a variance in the capacitive reactancs of the
detection circuit without the sensing circuit contacting the second movable capacitor
plate.

5. A measuring device comprising a pqrtablé sensing head, having
multiple first capacilor plates fixedly supported in ihe p_ortable sensing head,
externally removably positionable atop an integral haad portion of a fast'ener '

16 - ~EPLACEMENT SHEET
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8. The devi ce"' of claims 3, 5 or 6 further—conprising: an
attachnent portion having an end portion for | ti the detector head
!n“ﬂy
=)

atop a head of the fastener. 9. The wherein the
end portion further conprises: g in the
detector head along its longitudinal axis tern1nat|ng |n a flat end face
orthogonal thereto for fitting around a spigot of the . fastener.

10.  The s¢stems,card constiuatad whd configurad fordirgnilycapacitively raupiiogieachof the
a magnet nounted therein. . 11. The device of clains 3, 5 or 6
wher ei N gt GipdcBP pletes 16 aTomNeTEsectrKaczpacitor platemovablysuppored on the
fastenef systom to form multiple capacitors for use in a circuit for deiecllné a
changing form of the bolt head of the fastaner sysiem, the changing form being
producad in the fastener when the fastener sysiqm is under straln and causing a
 variance in the capacitive reactanca of the detection circuit.

6. A measuring device comprising a p(‘mable aenélﬁg-head, having first,
spacsd apart, capacitor plates fixedly supporied in the poriable sensing head,
externally removably positionable atop an integral head portion of a fastener
sysiem, and constructed and éonﬁgured for directly capacitively coupling the first
capacitor plales to a second capacior plate a portion of which Is movably supported
in the fastener system (o form multiple capacitors for use in a circuit forlda_tacling-_a
changing gap, measured from a reference datum:plane of.tha bolt head of the
fastener system, the changing gap being produced in the fastener when the fastener
system is under strain and causing a variance in the capacitive reactance of the
detection circult without the portable sensing head contacting the second movable
capacitor plate. |

7. A measuring device comprising a ﬁclw_téble camera or laser which,
when exlernal_ly-removably positioned and supported alongside of a bolt head and
deflectable washer of a fastener system and visually or light beam coupled,
respectively, to the bolt head and washer along an axis cutting the longitudinal axis |
of the fastener system at a substantial angle, delects a changing gap or forfn

' ptoduceci In the fastener when the éyslem Is under strain without contacting the
| 17 REPLACEMENT SHEET
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a pair of concentrically nounted ring capacitors. 12. The device
of claim1l wherein the pair of ring capacitors further conprises:

a bottom face of each capacitor is equally spaced fromi . E“ t he
detector head orthogonal to the |ongitudinal axis of ﬂ.ﬂmmmmmm ll

13. The device of clains 5 or 6 wherein the nultiple first®capaditdr plates
further conprise: a cylindrically shaped capacitor nounted
cconcent réepbipoiiibns of therfastensrpaderoirrsipallicant relative dvemdrite devi ce of

claim 13 wherein the cylindrically shaped capacitor
18

8.  The device of claims 3, 5 or 6 further comprising:

an attachment portion having an.end pottion for tﬁounli‘ng the detactor
head atop a head of the fastener.

9.  The device of claim 8 whereln the end portion further comprises:

a recessad opeaning In the detector head slong its longltudinal axis
terminating in a flat end face orthogonal therelo fo'r fitting around a spigot of the
fastener.

10. The device of claim 8 wherein the eqd portion further comprises:
a magnet mounted thereln. |
11, The device of claims 3, § or 6 wheréin the at feast one reactance
eapacll;)r further comprises: |
| a pair of concenlrically mounted ring capacilors.
12.  The device of claim 11 wherein the palr of ring capacitors fuither
comprises: |

a boltom face of each capacilor Is equally spacad from an end plane of
the detector head orthogonal to the longitudinal exis of the detecior head,

13. The davice of cla!ms 5 or 6 wherein the multiple first capacitor plates -
further comprise: |

a cylindrically shaped capacitor mounted concentrically with a ring
shaped capacitor. |

14.  The device of clalm 13 whereln the cylindrically shaped capacitor
18 - | REPLACEMENT SHEET
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mount ed concentrically with the ring shaped capacFTBT‘%&LLheL\gggEéLges:

a bottom face of each capacitor is equally spaced frg n end plan f the
detector head orthogonal to the |ongitudinal axis o#. Mﬂ ad.

15. The device of claim 13 wherein the cylindrical MHjﬂor
nmount ed concentrically with the ring shaped capacitor further coOnp+l ses:

a bottom face of each capacitor is spaced apart fromeach other and from

an end pwtﬁléq]cérg&rﬂﬁéﬂfyt\ﬁlh fiRpding EhasePeapaditor Ritthdrebfiprisgsnal axis of

the detector head. )
a bottom face of each capacitor is equally spaced from an end plane of

the deteclor head orthogonal to the longitudinal axis of the det_ector head,
15. The device of claim 13 wherein the cylindﬂcally shaped capacitor.
“ mounted concentrically with the rinﬁ shaped i:a‘paciibfr further comprises:
a bottom face of each capacitor Is spaced spart from éach 'olt;er and'
trom an end plane of the detector head orthogonal io the !o_ngiludinal. 'a;.(i"a' ofthe

detector head.
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