;'e3eYV  dZJ6T<L9 MOUNTI NG METHOD OF STRAI N GAUGES TO MEASURE THREE

DI MENSI ONAL LOADS AT TIP OF A HOLLOW CYLI NDER FIELD OF T The
present invention relates to nethod of nmounting strain g@ﬁﬂ*@ﬁﬁ@ﬂ%gml
particularly, the present invention relates to a nethod

plurality of strain gauges on a hollow cylinder for neasuring"

t hr ee-di nensi onal dynam cs | oads actlng on the hollow cylinder in a random
manner. 10 BACKGROUND OF THE I NVENTION'In structural nonitorin testlng,
there is oft eMQ%W@M%H@@@FaSJ&A%GM&ES &0 MRASHRE

interests. Vari Oﬁ“@ﬁgﬁ)ﬁh‘ ‘nge,H %Hh (ﬁayglﬁﬁﬁ fRor such 15
measuri ng purposes Ito neasure s appried on specific
structures, specially tailored methods are needed as the precise
positioning of the sensors, nounting method of the sensors, the nunber of
sensors used critically effeEU@dD£HQBHEHB$ﬂH$EKn$rnance of the | oad
neasugenment instrunmentation. 20 Strain gauge is one of the sensors used to
formvarious load cells that is suggested to be used for the purpose of the
present i nventIihemresbmtsnvmlbﬁtrdmeetor\mwhod oéngentiggsstidin gaugdeMoren t oget her

wi th the bonde q % struct.ure, mhlch IS Stlﬁ@ gd Sych s ﬂln gauge i's
devel ope@@ficBRfYnt & PEGSENtiRYShtigR A¢lates 0 wathod o, F‘M“B“%?P UAHYY PESEHRni cal | y
bonded t t ure
surface T ona HABNASHEUCE (EKER bl trie TR 008 FUhERE

st rai n gséhegwliosw gtlindethied roedmewnser ai ned, such stretches or conpresses of
t he i@ructure transferred to the strain gauge and reflects in its

resi stance change, which is in certain relation to the applied | oad.
Further, one of the appl i BACKGROUND OF THEBRSVENTI®ERNt i on was proven to be
successfully in providing all conponents of the three-dinensional dynam c
|l oad with random applied position. 2 Usually, structural analysis is

to deduce st 5p85R iy SHERMR: CFl 1 ST SARAT Y AN TN R

causes). At |in &t on as results

can al waylse figicaipéssiflg@rdsis. SIS BindP obloae $61Bshavt beéd @dv@l:‘op@@ﬁ&%dc}by each
| oad conponent. Conversely, if one is to deduce causes fromresults, i.e.
det el #i nRCESHHI RUEROSeH aHeWEY G niodneasutedeadsrapplipdipmapecific SHG&‘I“EFSb%’eﬁ@Hé
sophi st rain
vaI ues t gﬁf g‘?(} ‘\‘/‘gﬁggﬁ‘%ﬁé %S l%eltp egsselrﬁt%%gltufuglg%ﬂhe %I?léeorl?%l y co ﬁ%l ‘?té‘t ed by
"cross-t af Kie sehdoes; tthe ﬂihnbzenorﬁ\misvfswsed onitidadlsl effected mﬂongalrb perfomdines dfial | oad
conmponents from strains which contributed by 10 nultiple | oad conponents.
Ther ef or &€ /8 ‘\i/m(eﬁsqr?fg?rrtd%?ﬂfne& YPucture to segregate the effects of
different |oads fromthe conbined results, is the key point of measuring
the applied | oads. Typically, applied three di mensi onal dynam c | oads which
needéd to be rMtatgage isongrad t@mredsqwo rfalvreverlcrmg@ﬁdtqrue thapistsuggestedver al

and posi 17 BRus p e s8Ry brichGhbafon, i RHAE Al e Billel il "l

bui It W tdeformrto getBeroiigts the $OAdddN0 s&hﬂﬁﬂﬁ Wbt is Er@esssédﬁ&&ursﬁ@ﬁ@aege ishe present
i nvention, such | oad nmeasuring neth must satisfy the foll ow ng

requi r emsgraloped fkam an ulffathin lgat énertﬁé rrerﬁlhcr foalpnd ds Fhegnigaliynponged f%thrlr p zone
20 Must d‘?&ﬁﬁé I%KEP PKEhGPABuAEE om%r Otich@d Lﬁ*rfa%fe Gihls &aa y Ryhdfe&ach | oad
corrponent S I m nat e terrper ature | n uences rom st I’ auge r eadi ngs
SUWMRRY @EhdsNWENALs @Nuifacd to wisiclatheshpmcgauge isaittatlied h@cmemtramedemChon to

provide a mefhod of positioning strain an object for neasuring an
Bl i ed PERANSRTcRgBRosot e Atititn garsoreodup e gfoserad se it Bnventi on
there is piayideda e”ﬁrh&ﬂqS af cellﬁﬁ%laﬂgn%me Pﬁlhédl)éad)f FRithé& BndGtges on an

i nner surface of a | ow body having a first 30 paraneter on a first end
and a se@ppléhapiansaodéhepre@cntanwuomdvaepd)venhebmchcﬂsfublyen@mvedm@aHreasure Ioad
applying on the fifst .end . of the h the steps of

2FFathi ngomPiTp B 15 pierinigel Girpie RE b Rosh sl RS ROR: et e

pat hggand attaching a plurality of second of strain gauges and at | east one
third of strain gauge in orthogonal direction of second parameter path. 5
Accordi ng to anot her aspect of the present invention there is provided a
nmet hod of locating a plurality of strain gauges on an oute

hol | ow body having a first paraneter on a first end and a mmmmmlm WWWEter
on a second end, the nethod operable to neasure |oad applying on

end of the hollow body conprising the steps of, attaching a plﬁ |ty of
first of strain gauges along a first paraneter path; and attaching a 10

plurality of second of strain gauges and at |east one third of strain gauge
i n orthogonal



direction of second paraneter path. BRI EF DESCRI PTI ON OF DRAW NGS 15
Further feature of the present invention wll readily be apparent fromthe
followi ng detail ed description of a non-limtative exanple, with reference
to the acconpanying drawing, in which: FIG 1 is a side view of a hollow
cylinder with a broken section presenting a inner 20 structure of the

hol | ow cylinder in accordance with one_preferred enbodi nent of the present
invention; FIG 2 is a diagram show n 2vect or representation of a force P
havi ng a bendiUsgabypstnetun] analgsis 1860 deduce sugsandr draimsdbeing sesolis)drat ght - hand

coordi nat e te 25 FIG 3a,i,s a £ross section t he. | ow cyl i nder
Coaken ai oA hEM g rnien el efibG3S, S Rt SRRt E \ b e
havi ng vegduls cireiliva§ehé abthingd 8f sﬁnbﬁ@i&ﬁ'ﬁrd@d@%@tstrﬁfhé edse€bgdadnloddie angle a
and its orthogonal conponents of FIG 3a 30 resulting by a force P; 4

FI G 4a icempopenss Sonwrrsqlnrif ome is e derice edusey fromaesulisal detgrmingte applied - L of
FIG 1; .S A 1 . X | ane havi ng vector
repreéen?g%s?ﬁ)%?t{}ééségeoﬁgfr%ég’%gé%§%%02‘??@(@%%%}?% the angle a and its

ort hogonal conponents of FIG 4a 5 resulting by a force P. DETAI LED

DESCRI PTI ONS 10 Where the sanme reference nuneral appears in nore than one

of the acconpdi®yF¥inRle oh lRpd measurement gsing gnegaied elraip yalygsio drizgent . FIG 1
illustra : i i : i Mo FIWIE) fi . 108 and
. second ER I B R B B T T e e
first enc mMé&Bodbf fieding est iadividual loat nenpdicatseten sanantichiensibutddbyend 109

defines a second jnner dia er . A broken portion 101 on the_ holl ow

cyli Hﬁer p Bp]iego%ir‘ﬁ\??ﬂ?é‘ﬂntﬁ'g&h?rﬁﬁ’é% PRPTIRANH SEUCtHIR O FRATEENE 11 i nder 100
i's provi defctdof Bifferdit Y8Rk iffovh B chinbifed $65ufthNs BRUGS Dotk Bf ARHRERE tAd ong the
upper circunfeRential path 112 of an inner surface 102u and a plurality of
second stapplied lgadsges 111 nounted al ong an | ower circunferential path 114 20
of the inner surface 102u. The upper and lower circunferential paths 112
and 114 having centers of circle (not shown) in line with a center of
circle of the %tdauy\; eﬁ:{ali'bdﬂ fRée-ditdnsihall hamidloadawhicRheddd tb be Hieaqiitéd Second
strai n gauges 0 and 111 is a single axial strain gauge. 25 A flange 1 OS
(bei A§ t taee exngpted Enbavsra mpgnitide LD P @ §evierrd éans pdbile Nepiten inja singlg diretinng

appl yi ng [ hg: Xols 0, i . hi ng

and bend ir%g&)& Eﬁ%{oﬁqlg% c@%ﬁﬁﬁb é?cp%fg[?&‘sét}gﬁe g? 4 g?% ﬁf)% %1 8%%‘8 Qgié%%r E{gr{@\nhf cause

def or mat ivdhiclofvak beilhodthomrioyd crodersection divensimsc ehorphy pupake oddwdi present of t he

strain gauges 110 apd . (111 is changed. 30 Eac f the first or second strain
Ioag hog F%@%Saélé‘%ég? fol

gauges 118 egfion,spch yRfasying met opving requirements: -
. Must cater for different load acting point at the tip zone
20 o Must be able to overcome the “cross-talk” effect to provide each load components
. Eliminate temperature influences from strain gauge readings
SUMMARY OF INVENTION
25 It is an objective of the present invention to provide a method of positioning strain

gauges on an object for measuring an applied load acting on it.

According to one aspect of the present invention there is provided a method of
locating a plurality of strain gauges on an inner surface of a hollow body having a first
30 parameter on a first end and a second parameter on a second end, the method operable to

measure load applying on the first end of the hollow body comprising the steps of



may be connected to a device for neasuring force acting on the holl ow
cyl i nder 100. 5 When the device is energized, a voltage across the first
or second strain gauge 110 or 111 is detected. For exanple, if the force
150 acts on the hollow cylinder 100 which the first and second strain
gauges 110 and 111 are attached thereon, an elastic deformation to the

hol | ow cyl i nder 100 occurs. Such elastjc deformation changes the resistance
of the first 5 or second strain_gauge 110 or 111, t hereby changi ng the

vol t age a@tiechingaipluyalityef Hest pEyraiBganegs alang adirstparampsennathi; and ettaching a

Firet angtuat e SecohBe Gl Baleed s 58 Bt o aPls farBRBbba " 11

det ai | s. difctidn dfSseeofd paradtet pah. t he first strain gauges include five
strain gauges 110 and the second strain gauges 111 include four strain

gauges. One of the first strain gauges 110 is used for elimnating
tenpeeature inf : f or i I . | i nder
| 00 o? restraPﬁkg%%%ﬁgémgﬁgi%ﬁgdﬁﬁggiﬁég%%i 8?@?#%%%??@%R§§ggﬁé&§¥§ﬁ?n t he
Vi ci ni ty lefatih§8 phurality @9 strain ighegei @hlaawuey lsurfaterof hdllotvdyodwihiavig tadirke
elimnated to obta”p nore 15 accurate results. Ié ii suggested that the

| ower ci PRI R firist hdkand prsgeqnd Rasameter AMbessreny cid dhe 5Hgd opergble to

pref er abl 1Vih SRS FaRAB0wASH i e Dp apart
fromthe I%egélgﬁg&%n gfg%gs L?ﬁ(eb{ngts?,eé,d Ot ﬁ[{eé uog%er éiilytcgﬁﬁlgfra rtlﬂtle’les;c Spdg?h 112 is

| ocat ed pttadhéngdplpraliy bf fisst ofiitstimpames 2long ddnstitpachnagerlmtigtand etiathinge Ds
apart fromthe first end 108. Havi said that, it Is alsp preferred that a
ot dhce PRUBUa s{apad Gb et ghees sudf 55 En Biisrotsmimeabep  FtpeSPdlnd 174,
denot ed @sreftion of ddcdnd ParBm¥Rr patiBXi mum al | owabl e di stance apart to attain
an optim zed result of neasurenent. As such, for exanple, the upper
circunferential path 112 is |ocated at Ds fromthe first end 108 and the

| ower circunferential pat i t the second end 109 to
obtain optim zed result. %&ﬁﬁﬁD§§%§ﬁ§ﬁﬁﬁﬂPgﬁﬂg?“é ce | 50 denoted as P
acting on a body may be resolved into three nutually perpendicul ar force
conpgrents, PRy Rawrd ¥ tRE pﬁgé_lﬁ%@hﬁ&gwﬁleﬁaaagﬁ b¥ 8pp¥&s fin he3- di ment i onal
orthogonal coordinate system Simlarly, a bending nonent Macting on the
body may fellewingdetadebisserption of a muneldmitati vead¥anphe Mpdirrdfesancato #8 bendi ng
nonent ¢ n nd. .M. 1ying along the axes of the sanme coordinate
6 syst em%g%]?nepea@&ﬁlgc ?V(\Sljr%%’ %fvgtfll\% conponents corresponding to the axes of a
ri ght - handed coordinate system FIG 3a illustrates a cross sectional view
of the haqllow cylinder 100 taken along 5 |ine U-U (al so the upper

ci r cunf eddHt | &2 fidg viewiofp hofipyecylinderwigh g hroken serdien presontiiga Wetached al ong
t he per cirg I héthol : Lent a i Jr I t he

sur f gge 102u. %(%trﬁ eg?[tt‘ﬁﬂéo Bﬁ/gylﬁir&s?ﬁggﬁ?lﬁ&g@%@é ﬁ%ﬁ%ﬂ%&lf@%ﬁ?@?&gﬁ?f ally in
90 apart fromtieamksant eestionfhe fifth of the first strain gauges 110
(reference 115 hereinafter) may be placed anywhere between any two of the
four first strain gauges 110 along the first 10 circunferential path 112
and ori emigt 2 d MagahCITherERck R refstedeBfioR Bf a fdiee PHAvinklatsehAm$Soderll agr am
showi ng an X-Y pl ane having vector representation of a bending nonent,
denot ed as M Myasd their ehegenalcoampnents onadight-banst edesdjortalsysemponent s of

FI G §a resulting by the force 150. Four of the first strain gauges 110 15
Iocaglng 90 apart fromeach other are configured to detect readings

denot i ng FAG. 34 is,a Bads,se@ibn cbe Itow tylindes@Redt alohg Hh¢ BeliofRIE. 1;The fifth of
the first strain gauges 115 | ocating between the any two of the adjacent
first strain gauges 110 with an angle O, is configured to provide reading

denot ed B : N e ' | [ ong the
it ci faga s ShaRRRid oy b Ay TLARTRbln i RA0BR0"0, 0o
sectional vi ew@herit M rdftddctedvin ehdl dnigtied addfls baksponal @ngponkmts of FI1G.(3al so t he

| ower circunferential path 114). Four strain gauges 111 are attached al ong
the BBwer cirdeswtinedinta Bt h 114 on the surface 102L and orientated in Z
direction. 25 FIG 4b illustrates a diagram show ng an X-Y plane having
vector representation of a bending nonent MRS reflected in the angle a and
its orthogonal conponents of FIG 4a resulting by the force 150. Four of

t he second strain gauges 111 |locating 90 apart from each others are
configured to detect readings denote sly, s2~, s3i and E4l in respect of 30
direction Z 7 Wth referenced to FIG 3b and FIG 4b, the force 150 may
be derived via mathematic algorithm Using the principal of stress or
strain, E representing reading fromthe strain gauges 110, 111 and 115, can
be found using the equations below. 1 81.5 = E 6~,3 + 6T 5 where, ais a
stress which may derived fromstrain gauge reading s; E is a materi al

o " o o -



ffor the stress acting on the strain gauges at 0 and 180, -+My + PZ
-+tMcosaR +PZ z,a | A1l A' 20 where, Vv is a material Posson's ratio R s
an inner radius of the corresponding circunferential path A is a cross
section area of a corresponding circunferential path | is a nonent of
inertia 25 Px, Py and Pz are |oad conponents in X, Y and Z directions
respectively Pr is a radial |oad conpgnent M is a bending nonent M, My
are bending nonents about X and Y axes'respectivel a is an angl e between
Pr and Pflax’l‘aslsa%OﬂSGPCtt%é)fﬁh?%Q”Og‘f eXlinder taken elppg bmﬂgésofllil@ dt engthed al ong
t he upper circunferential path 112, for which correspondi ng vari abl es
denoted with a subscript "u", 51015 2 M" sina ~3u Flu EIl Ru (EQ- 1)
a and 2 WG, 4loB aadik@am-shawingman XK/ plaﬁEE}mﬁg vectd mplféisei@tidﬁ@fh b)encﬂ)mg( EQ 2),
the angle, a may be obtal ned: tan a = ~3u - Flu ~4u ~2u Then t he
square of (EQMOmeni refiecied)in the a@élﬁf@ﬂ%ﬁﬁ@@hwn%@mp%@rw F .(4a3u - ~~lu
) z +<(eau - ~ (sin? a + cos z a) , therefore, EIlu 2 ru Mz
- ((Egu Elu )fgst&ltir@zbt}; %rce)}R) 2 R' a Consider direction of M" has been
reflected in angle a, therefore Mr, - 2Ru ((Esu - lu )z + (Ear, - ~zu )z )
(EQ 4) a For the second group of strai n gauges 111 attached al ong the

| ower circunferential path 114, for which correspondi ng vari abl es denoted

with a subscript "I, 2 i ST Il Rr (EQ-S) r 20 , and _
_ 2 Mr cos agar zr El R %&%’)@BESC&IPHON@
10 Where the same reference numeral appears in more than one of the accompanying

drawings, it is used to denote the same element.

FIG. 1 illustrates a side view of a hollow cylinder 100 having a first end 108 and a
second end 109 according to one embodiment of the present invention. The first end 108
15  defines a first inner diameter Ds and the second end 109 defines a second inner diameter
Dp. A broken portion 101 on the hollow cylinder 100 is provided for inner viewing
purpose. The hollow cylinder 100 is provided with a plurality of first strain gauges 110
mounted along the upper circumferential path 112 of an inner surface 102u and a
plurality of second strain gauges 111 mounted along an lower circumferential path 114
20  of the inner surface 102u. The upper and lower circumferential paths 112 and 114 having
centers of circle (not shown) in line with a center of circle of the hollow cylinder 100.
Preferably, each of the first and second strain gauges 110 and 111 is a single axial strain

gauge.

25 A flange 105 (being the right end of the hollow cylinder 100 of FIG. 1) is a load
applying zone having a force 150, denoted as P, operationally stretching and bending the
hollow cylinder 100. Such stretching and bending will cause deformation of the hollow

cylinder 100 and hence, physical condition of the strain gauges 110 and 111 is changed.

30 Each of the first or second strain gauges 110 or 111 is typically a stress sensor. It

may be connected to a device for measuring force acting on the hollow cylinder 100.



9 Div‘iding (EQS) from(EQ®6), tan a = ~3° ~" (EQ 7) ~4! 2! Then the
square of (EQS) and (EQ 6) is being sumred, z 5 (s3, - s" )z + (E4, - sz,

)z EM'" R (sinz a + cost a) , therefore, ( r Mz - ~(~3" ~I!
) + (E4l ~2! )2 2 Rr Consider direction of Ms has been reflected in angle
a, therefore M! 2R (Esr - ~~r )z + (Ear - Ezr )z (EQ~ g) 10 Wth

reference to FIG 1, where the force 1 0 denot ed as P may be resolved into
two different orthogonal force Pr and l¥| =Pr ( -Lp) +PZRp. (EQ. 9) 15
M, = Pr When the devige'is eporgged, agliage peippethe first Oaﬁ%FOE SH@]@ gapee | Kheft Hd

measurin t 112 and
tho | ower® SSEHRA Mor SERABE, NG B 15B AeDrHO RIS EPMIELI AT bR BERY oo 0t
t he fl angad geo@d st?dln gwbgesago land) 1 { EQe aét@c)heﬂrtbem:(élE@l eBa)stlc defdimatidnaadhe
conponent, denot may be_expressed_ as | P=r (EQ Lu -
Lr and PROHOW CWH%&Q0%Pgw%eslwbteéaSH&&ewnaﬂwhﬂﬁgesw{f resisiance E%he]féﬁt) = Pr
sin as(E ur ed to
e o oxbit et SERP AR POE 1T, Bcbl L Blighl ink Ne AR R R B
group of Baasechmmthga/ug@el\_faslatlen, aMEtecmc(aM’orrrmfrtheﬂf&rceJrlﬂﬂ may bosbtdfmed) = M-, sin

Srarn o hsiRoa SeSilionatos ot and Siciad siviff 2audth afo ala P FHPnebxgifed, AL

a - -M ~14t& iR dBtatlsCOS @) ~ Ru + ~Z a a

10 It is preferred that the first strain gauges include five strain gauges 110 and the
second strain gauges 111 include four strain gauges. One of the first strain gauges 110 is
used for eliminating temperature influence. When the force 150 is applied on the hollow
cylinder 100 or restrain applied at 108, uneven load distribution occurs within the vicinity
of 108 and 109 in the hollow cylinder 100, for which to be eliminated to obtain more

15 accurate results. It is suggested that the lower circumferential path 114 is configured near
the flange 105, preferably, a second distance 124, denotes as L, of at least one Dp apart
from the second end 109. Likewise, the upper circumferential path 112 is located
preferably, a first distance 122, denoted as Lg at least one Ds apart from the first end 108.
Having said that, it is also preferred that a distance between the upper and lower

20  circumferential path 112 and 114, denoted as (L, - L)) to have a maximum allowable
distance apart to attain an optimized result of measurement. As such, for example, the
upper circumferential path 112 is located at Ds from the first end 108 and the lower
circumferential path 114 is located at Dp from the second end 109 to obtain optimized
result.

25

As shown in FIG. 2, a force 150 denoted as P acting on a body may be resolved
into three mutually perpendicular force components, Px, Py and Pz oriented along
respective axes of a 3-dimentional orthogonal coordinate system. Similarly, a bending
moment M acting on the body may also be resolved into three mutually perpendicular

30  bending moment components Mx, My and Mz lying along the axes of the same coordinate



therefore ~Tu - E (~Tu ) + ~T 15 - v M(sin a + cos a) ~ K v pz +s -E
ru 2 lu EA" T (EQ 14) Next, summing s~u, s2", s3u and sau> (Elu + ~2u + ~3u
+ ~4u ) Pz + ~-TE, 15 4 EA" and subtract (EQ 15) from (EQ 14), PZ nay be
obtained as follow. 20 pZ = EAu sl" + szu + s3u + s4u - ~, Tu + v M" (sin a
+ cos a) ~R (EQ 16) 1+v 4 E 2 lu 11 I n accordance with an alternative
enbodi ment of the present invention, strain gauges which obtained szu and
s4u may be connected together. Then th® force in Z direction PZ may be

expr essedysiem. 52&: fhrzmpns of the cogiponentygorsesponding {osthp agesof agighhande- (EQ

17) 1 + v 2dE % 5 In accordance with a further alternative enbodlnent of
t he presgﬂw'f hive ?egh strai n gauges which obtained s,u and sj" may be
connect ed toget her. Then the force in Z direction PZ nay be expressed as,

PZ - EA" szu + Eau - ~T" + v M, (sin a + cos (EQ 18) 1 +v 2 E 2
| 10 I n accor ddfcéa iljustratanenaes segtional Mgty Q/feth@hﬁﬁw ﬁﬂmdebﬂOQ &epplesent

i nventi o I gauges
nount ?ngqlgﬁt{g% (E[% tl?e%tpﬁ% gélg%%gﬁalr}%ﬁ{ Ep%)l g\?\‘} egiﬁ/r?ﬂ éut ¥n 4“ 8 [ %& ing the
force 15Qttaciedatbn@nhé tigpeh oirtafeesntinnsheli llﬂ.ﬁld:mlﬁhﬁtdtételrﬁbditect@hgmbhal c

expression, Px~ P~ and Pz may be found based on the detected strain
r eadi ngs susface 2w, Feurof the fjve §rst sipain gmesrzblp cirqymiergntially inrpQeapagdtonpay e

been con o] e present
mvent | ot chedey THERTBENE ASFHERT K I (ERIGRET BhRtrRE eyl 80 2 T

ki | o Newtplazed alywigsre betivegie anf tvﬁfdsﬁthe &rue fipsteaeintgadgdsnl 10ARMIg the fidd TABLE |
Appl i edLoads (1cN) Measured Loads (1¢N).Error (@@Testpxpvpszpvpsz Pv
Pz#1pP61.cirepm elﬁlaée%}h 137 and oneqatﬁ@aswuglfwséa glerecon. 7. 72

- #3500050. 64- 1. 73- 1. 641. 28 - -#40-500-0.18-54. 12-1.68- 8.24

- #5- 5000- 50. 621. 5-1.871.24 - - 12 It is understood by those skilled in
the art that dlén3b Hbsghtenadingomssiwivingen XrY planehasing vadivardpaggestatidn var i ous
preferred eg@@ﬂlnents of the present, inyention have been set forth in the

for egoi n@fd pgmoafrrﬁntﬂ@p%te@?wno@ peteq g gngls ¢ gnd yg oBhegenaly her
modi fi catg bﬁigfor S?@F@@Qrﬁﬁﬁ&gcﬂf% Yorwuf‘a:tsﬁogl %fﬁfe fﬁwgﬂ&} fged] f(RNgENENt

of parts an S Wt rinci |nvent n-to the full
ext ent i nedaciagod° bparit ﬂfmnteadadhgeme r:a:hﬁgmatmni;te@f réatiagaiamndgds ¢, aks
wi t hout departing fromthe scope of the invention, 13 CLAIM5S A net hod of

| ocati ng an 33K gl rﬁ’%Peé‘?Ofsdtﬂie&‘ilW Galhsdiftivpf tha firt sipingangescld Sdecasingol | ow body
h t t d_and d et d
end, e TRTRBARE B B dlacshl Fie RnERTer ARE R RBEE L bRy Ran T e
first end, ?fovti&eregtﬁh eshol@aﬂas &gfmfés?édﬂgfhE?st%lr@ﬂﬁfe?énﬁaﬁ&ﬁ&%@h Rfhng (R Urality

of first strain gauges along a first paraneter path; and
first circumferential path 112.

20
Similarly, FIG. 4a illustrates a cross sectional view of the hollow cylinder 100
taken along line L-L (also the lower circumferential path 114). Four strain gauges 111
are attached along the lower circumferential path 114 on the surface 102L and orientated
in Z direction.
25

FIG. 4b illustrates a diagram showing an X-Y plane having vector representation
of a bending moment Mg, reflected in the angle a and its orthogonal components of FIG.
4a resulting by the force 150. Four of the second strain gauges 111 locating 90° apart
from each others are configured to detect readings denote ¢, &2, g3 and gy in respect of

30 direction Z.



dttaching a plurality of second strain gauges and at |east one third strain
gauge in 10 orthogonal direction of second paraneter path. 2. A nethod of

| ocating a plurality of strain gauges on an outer surface of a holl ow body
having a first paraneter on a first end and a second paraneter on a second
end, the nmethod operable to neasure | oad applying on the first end of the
hol | ow body conprising 15 the steps of;, attaching a plurality of first
strain gauges along a first garaneter ath; and attaching a plurality of

second strai n VYalgderensed taf 1 etsanddilS. fh; the faree Ap0mgy bgdesivedoyie hogonal
directio ) a .. 20 h '

pl urali t)rl}l agl;\e Sa?ﬁgﬁl%o rgau'gg}snsEn ctggﬁéﬁcﬁaﬁtogég?%i%%@g? 9%1) Péﬁﬁllggl%iartﬁaﬁﬁ%ﬁp ™ st

par amet ekhgaiain paugks 0ER 1 0dnd f13,%hn bé FRind WWidIRSc@atoadelgwcond par anet er
pat h i ncludes four second strain gauges and one third group of strain
gauges. 4, lhé_ thod of locating a plurality of strain gauges according to
claim 3, “Whergi n'*25"% he adj acent first strain gauges are configured to be
90 apgtrt fromeach other relative to a first corresponding center along the
first“paraneter path and the adjacent second strain gauges configured to be
90 apart‘Yh@ﬁzeach other relative to a second correspondi ng center al ong

t he second paraneter pat.h. .5.. The thod of l.ocating a plurality of
strain gauggs Ga‘é@&%ﬁ?sn‘g}"%n@élé%v? f-lr_gmesprgrinrgapg%regfhnlgéeast one third strain
gauge i s coyf ipgdneghit 9l RRAES héuiace between any two adjacent second
strain gauges along the second paraneter path. 5 6. The nethod of |ocating
a pluralitye ofer stthaportiga wd sisaia gaagedicading puelyacamsds] byeaperamrt khartgei rd strain
gauges is configured 45 apart fromthe any two adjacent second strain
gaugéd? rel ati e it hasading defaeted Hopahp stieinggugsehider . 7. The net hod of

| ocati ng gn¥lurality of strain gauges according to claiml or 2, 10 further
conprising the step of configuring the first strain gauges and the second
strai n gdcaas sp@e hatigeor the SERiIBEadFesePPOCHRITING appl i ed | oad conponent in
any direction randomy. 8. The nmethod of |locating a plurality of strain
gauges according to claim1 or 2, 15 further conprising the steps of:

| ocating the fird{ pAr an_eMesinp;aéh at a first distance having at |east one
first par aﬁBt’ef"_f]_rdnjfﬁé“ﬁTW ndiyand | ocating the second paraneter path
at a second di stance having at | east one second paraneter fromthe second
end. 120 9. The nethod of locating a plurality of strain gauges according to
claiml1 or 2, further conprising the step of configuring the first

par anet erfoptat btressdctderanthe paaiarmtigss 40 8¢ hnd t8Gtave a nmaxi mum al | owabl e

di stance fromeach other. 25 10. The method of locating a plurality of
strai n gauges cordi ng im1ly,or 2, wherein the first paraneter path
is |ocat eﬂz,‘tr\:e?:%}l“—%g’—t:mj—/’fii;%sgmnd%han the second

20  where,
e visamaterial Posson’s ratio
e Ris an inner radius of the corresponding circumferential path
* A isacross section area of a corresponding circumferential path
e [is a moment of inertia
25 e P, P,and P; are load components in X, Y and Z directions respectively
e P, isaradial load component
* M, is a bending moment
e M, M, are bending moments about X and Y axes respectively

e «is an angle between P, and P, axis



paranmeter path. 11. The method of locating a plurality of strain gauges
according to claiml1l or 2, 30 further conprising the steps of: obtaining
readi ngs from strai n gauges; and 15 cal cul ating three orthogonal
conponents of the randomy applied dynam c |oad. 12. The nmethod of | ocating
a plurality of strain gauges according to claim1 or 2, wherein the hollow
body is a hollow cylinder having the f%;rst end defining a first dianmeter 5
and the second end defining a second draneter. 13. The nethod of | ocating a
plurality of d&oFthefirstargerobstay gauggs 1 ) atfashed along theaweerritmpderestialnogonal
conponen fi,t I =Tol ] : : -as Px, Py and PZ
respecti @%‘ih;)l lgf gﬁé‘;(hgé}g@%ép@p@ef%ﬁg%? ﬁg%s}e%ﬁlztgtai Sqngébgl%gd’ﬁx = Pr cos a; Py
=P, sina; and,Pz, - .EAU yu ~' ~zu + ~3u + ~a:~ - ~.Tu + v M" (sin a +
cos a) "'é?l}.l—'glu]:—'% 51 J" - where; s is(EQ@e1ptrain gauge reading taken
fromthe respectifve dgnoted strain gauge; 15 Qis a stress, for which E =
~~+ ET; Eis a mterial Young's nodules; sT~ is the third strain gauge
r eadi ng p@ﬁl‘él y caused by tenperature change; v is a material Posson's
ratio; R' is an 'Ir‘l)fner Sl‘fdi us of the second circunferential path; 20 A" is
a Cross sgclicon= Re second circunferB@ 2pl path; Iu is a nmonent of
inertia of the sdcond.circunferential path; Pr is a radial |oad conponent,
for which P, = M - M, , Lu- Lr M~ is a bending nonent of the radial

| oad at the second circunferential path and Ms is a bendi ng nonent of the
radi al | : Fﬁé@f i { ]&,ﬁm I h- 125 a is an angle between Pr
and Px; %Elgldg{r% L’l){ﬂ?;@q'gjﬁét ﬁgeg?l}{rl%}ﬁge?@%%e%he second end to the first
circunferentiafk, pagh and the second circunferential path respectively. .A
U A3?. A tama=—A—2- A3NL.A ;,.Au_.Ar.A3 (BQAN .AN.A ;e Alax Z
JL@c*{vql gb] X‘f“eei—]%a] cal] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] cal] ca] cal] ca]c
a] ca] ca] cRa] ca] ca] ca] ca] ca] ca] ca] ca] ca] cRa! *} 14%C. Tj AEV]

ck! $P' } xsni d_Z] ] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca] ca
] ca] ¢a] cdhen|thajqpatcaf (E4). ednddEQe))dabeiag Bubindd 6§ skowd kdlowp, z, ~, , , MR---../0
002040;

0$1&1/ 14191B1~ysni c~AXSni ] caV]fcapes a cg] cal] gal.ca] caV] ca] caV] ca] ca] ca] ca]
ca] caV] ca(]%a’\/lpﬁa]r}c*aﬁﬂ:cé\?}uﬁg]:{a};} @?\Lﬂaﬁd}é\ﬂq&T E%f‘(\%/]aéa?}tf’é Ea

B1D1111111110222222222222223

2
E 1

M. =&, —&,) +(g,, —&,) ) == | .
ru (( 3u lu) (4u 2u)) 2Ru

Consider direction of M,, has been reflected in angle «, therefore

15 M, = (fi JJ«% Ten) 4 (En —E)) (EQ. 4)

For the second group of strain gauges 111 attached along the lower

circumferential path 114, for which corresponding variables denoted with a subscript “/”,

2 M, sina
&y —& =———"R EQ.5
3 u E I, ! ( Q )
20 ,and
2 M, cosa
€y~ Eu =f—_17,——R’ (EQ.6)



33+3- 31 3n3zt 0i d*YS~ysni cAXSni U] ca] caU] ca] cal] ca] caV] ca] ca] c”a] ca] c™a] ca] ca]
caV]caV]ca V] c”a]c”a V]craV]ca]caV]ca UV]ca]caV]ca

UV] ca] caU] ca] caU] can33333333344484: 4Q4S424444444V5X5[ 575b5f 5] 51 5{vqgl f _YR~ys
ni cAXS V] c”al cfa V]c”aV] ca] ca] ca] ca] ca] caV]ca]caV]ca UV]ca]caV]ca

UV] ca] caU] ca] caV] ca WV]ca] caV]ca] caV] ca

WV] caV] ca] cal] ca] cal 5v5x55555555555555&66V6y6{ 666666666662zt oi d*XSi cMXS

V] caV] caV] ca] caV] ca] caV] ca] caV] ca

V] cnhav] cﬁ%‘éﬂ] %b fE59reAERed] ca] ca] caV] ca] ca V] chal cha

V] c”*aV] ca] ca] ca] ca\/] cal ca66666 7779 Q77777

888! 8( 8, 82BAMEOBI8t 8{88888| wr ngb] XSi c"XS (EQ. 7)

V] ca] ca] ca] ca] &) alégal ca] ca] caV] ca] c”a V]c”aV]ca] ca]caV]ca]ca V]cha]cha

V] cMaV] ca] ca] caV] ca] caV] ca] caV] ca] ca] caV] ca8888888888 999999

9&9*9, 93979: 9?9U9Y9u9%x9999zuo0j d_YTgb] XSi c"XS

Yﬂv] cal cal EET S5 RV e Al SR en @4@4%21 %’%ﬁ@%{ CaV] 0500 G KN s

<2 <SKKK<<~ }éll ca] ca] caV] ca] caV] ca] ca] ca\/] ca] ca] ca
V] chay] cakgalgavica) ealo ]Rc; \asm hoadasaw) caikrdgreaV] cal ca] ca] ca
<<= =====e=| =X=| ===== e—L——— >>zuoj d_ZThcMXS
V] V] ca] ca] caV] ca] ca\/] ca] caV] ca] ca] ca\/] ca] caV] ca] caV] ca] caV] ca
WV] ca] ca] cay] a] caV] ca]ﬁ av] calcs ca] caV] ca] caV] ca>! >&>=>7>B>C| SKSN>T>t >| >
>>>>>>>>>f\4'a| rresart bis hc" XS] ca] caV] ca
V] c”aV] ca] ca\/] ca] ca] caV] ca] ca cMalV] cMa

V] cMaV] ca] caV] ca] caV] cal] ca] cal] ca U\/] calV] c”a] c"a

Consider direction of M,; has been reflected in angle «, therefore

EI
M, z[ﬁ}/(@y _"311)2 +(&y _32/)2) (EQ. 8)
]
10
With reference to FIG. 1, where the force 150, denoted as P may be resolved into
two different orthogonal force P, and P,,
M, =P(L,-L)+PR, (EQ.9)
15
M, =P(L~L,)+PR, (EQ. 10)

, where L, and L, are the lengths measuring from the second end 109 to the upper
circumferential path 112 and the lower circumferential path 114 respectively, and L, is
the thickness of the flange 105.

20
Subtracting (EQ. 10) from (EQ. 9), radial load component, denoted P, may be expressed

as:

p="n"20d (EQ. 11)

, and Py and P, may also be obtained by



Ul cfaV] ca] ca

@AGOOOOAAA" ABDBKBhBBBCCCCCCDDEFFF6GGGH} xsni d_ZU] c] ca] ca] ca] ca] ca] ca] ca]ca] ¢
aJca V]cna]ca] ca] ca] ca] caV]ca] ca]caV]ca]ca] ca] ca]caV]ca]caV]ca]caV]ca

V] cMaV] ca] ca

HUHHHLI | 11 BJJJnKKL{ LL) MTMVN@NN#OuOO#P- PPPChQQQQ xsni d_Z] ca] ca] ca] ca] ca] ca] ¢
a)J ca) ca] ca] ca]ca]ca]ca]ca]ca]ca]ca]ca]l ca] ca] ca] ca] ca] ca] ca]ca]ca]ca]ca]ca]c
a] ca] ca! @RpRS* S} SSS TUUUUUUUUWLY

VWW! V. VER/=VBUWINTVc V| vpke™ ZU} xsni d_Z] caV] cdi@aV)ca] caV] caV]ca V]c”a] c”a

V] cMaV] ca] caV] ca] caV] caV] ca] caV] ca] ca] caV] ca] ca] ca] cal] ca] ca] ca] ca] ca] ca] cac
VI Vn VWAYNNANK; 13).

X=X@Xf XquXXXXY Y$Y~xqgkf " [ VPU] ca] ca] caV] ca] ca\/] ca V]c™aV] ca]caV]ca

UV] ca] caV] ca

UV] ca] caU] ca] ca] cal] ca] cal] ca] cal] ca] cal] ca\/] ca] cal] ca] cal] ca] ca$yY: Y=YAYEYG
YJIYNYQYYW VWAWANNK; X=X@XF Xk XuXXXXY" Y$Y~xgkf " [ VPU] ca] ca] caV] ca] caV] ca

V] c*aV] ca] ¢ a\/]F@gtth%qﬁg@{qu@mn the angle 4, is configured to be tor example 45° from

o] cavy caf 60y A4FBERBCABEF PO TBRERGEN Shomers oira

109 & | 109 < & ()-s90! 10% & &$10%& ()-! X
251098 B(Hn( 71 fvé@él)m%ﬁ&@ el hioom(s( () 2.7 L1 @Hi0%

& ()-! @F#10% & ()-:! 0%&() yl 1 10%0C& () -y 10( 10( 10("910% & ()-Z
GNX6~\:!\3.&$% & é%,o M2, 39$100& ()-1\39$109% [)[& ()- ! S39$10%
& ()-"1,39$10 %]“ oS! gow&() sf

109% & () - SM 10% & () - 10101033#10% ()-1\33#10% ) & () - vedEbC! \ 3. Ff

L% & () - 10 & (

109 & () pds 1%4)14-(§1§a1‘b%5&')(‘gf#100/¢(& ()-c*}dEbCI\ 3. *s! 109% & ()-L' 10% & (
)- &#10% & ()-Ss$10% &' () - L! 0% & () - &L0% & () - 14%@\BdE: /

10 Stress at the fifth strain gauge 115 with respect of the Z direction is: -

R, P
o.uT =_MTu Z-}-Z
=—Mm(sina+cosa)££+£
2 1, A,
, therefore
v
Ep = —E(GTu)+£T (EQ.14)
R
15 =1Mm(sina+cosa)£—"—1£+er
E 2 1, EA

Next, summing &, &, &, and &y,

+&,, + P
(glu +g2u 48314 8411) = EI; +8T (EQ. 15)

u

, and subtract (EQ. 15) from (EQ. 14), P, may be obtained as follow:

EA | & +¢, +&, +¢ v . V2 R
u lu 2u 3u 4u _gTu +__Mm (51na+cosa)——"

20 P =

z

EQ. 16
1+v 4 E 2 1 (EQ- 16)

u



10( 10(3° 6m 10% & ()-L410% & ()-3S 10% & () -/ 10% & () -

.10% & ()-L, 10% & ()-BC Tj uvz/

103$10% & () - Yy10% & ()-f10% & ()-L10% & ()-sf 109% & ()-!s10% & ()-

10( AEdE7/ 103$ &&$10% & () - s,

1 109% & ()- F#109% & ()-!10% & ()-L 10% & ()-&10% & ()-V] cdE7/

103$1! 109% & ()-LOs! 10% & ()- . SH10% & ﬁ% +10% & ()-) & 10% & () - 3(-

10% & ()-chijk ! = 10! 9% #109%& ()-4 ' f#10% (& ()-4 10( 10(

10(f810% & () - B6aroedagcg \)vitlam@%r&a@eer#&idmemt(qf(tlze@esenm(vent&mmi&' ()-z!'f
&$109F&F&E &H1094 A

&$10%( <@&“§%§ ‘é‘ﬁ?ﬁ %{ fya 4“? ﬁuﬁ%ﬁ%e(‘bo(‘&“(“id foggthpy (Bhen theyfgrce in Z

10( ! | Fz#3) R #10% & | F#100& s 109%& 10(

102 z, ZH W, T Méf‘iéo’{p}fos#%d%& ()-35/ boe ()-l( bve ()- 39" b 0)-

| 109& () - Fz#;;go #( ) 001020} G31€191B1bA= 1 3 "1096$& ()- Ms! 10% & () - -
s! 109 ()B-=+1h LRt &tn(a)+cosm /202222{Y AEQ. 17)

103&! 10%{&' V Py POy (y(& & -Y: 10%& () - %6. & ()- M 13 "10% (& ()-M 3
"109%&. ( |v|223 3+3133~\: A= 1 10! 8+, 10%& ( ) al g+, 10% ()-a 8+,

10%&5() a)y) 10% & ()-!0 940% (& ()-s"10% & () - 384Q444445V5~pN/

T110%& ()-!  Inaccordance with a further alternative embodiment of the present invention,
strain gauges which obtained &;, and 3, may be connected together. Then the force in Z

direction P, may be expressed as,

P = lEf’; [82“ ; Fau En + %Mm (sina + cosa)g%‘—} (EQ. 18)
10
In accordance with another alternative embodiment of the present invention, the
hollow cylinder 100 having a plurality of strain gauges mounting on a outer surface 103
of the hollow cylinder for detecting the force 150 acting on the hollow cylinder.

15 From the above algebraic expression, Py, Py and P, may be found based on
the detected strain readings, &1, &uw & &w, €1 €2, €31 Enand &r, . Five test have
been conducted to determine accuracy of the methods provided by the present invention.
Results of measured loads against the actual applied loads in kilo Newton and percentage
of error are presented in TABLE 1.

20

TABLE 1
Test Applied Loads (kN) Measured Loads (kN) Error (%)

P, P, P, P, P, P, P, P, P,
#1 0 0 612 -005 -038 6127 - - 0.11
#2 0 50 0  -072 5386 1.04 - 7.72 -
#3 50 0 0 5064 -173 -1.64 128 - -
#4 0 -50 0  -0.18 -54.12 -1.68 - 8.24 -
#S -50 0 0 -5062 15 -1.87 124 - -




“1109%&' ()- 10 10 10! 8+, 10%& ()-a 8+, 109%& ()-a)!6 8+,

109% (& ()-aV5X5[ 5751 555 >pN 11 syl09%&' ()-G syl0% (& ()-G

sy10%p& ()- G3(10% & ()-310% & ()-s10% & ()-555566V6} A?pN " I1

S10% & ()- @O0% & ()-! BL0% (& ()- @BL0% & ()-5910% & ()-! Tsy10%(4( & ()- GV/66
6667 Q7TWX6pN/

| <(MLO% (& ()-sf&LO% & ()-!L!10% (, (&@ﬁr 1" 110% (& ()-!y10%n& ()-!yl0%& ()
-Qr778! 828J8K8{ z8* 10( (! &6GLOY% (& () &6GL0Y%4& () - @

| 43109% & ()-! X31GL0% (& ()-S K31GL0%) +& ()-S!'s-!10% ()-KSL8MBCBI 8889dB
10( (! 10%& ()-sS&L0% & ()-!010% (& ()-s@0% & ()-s10% & ()- 10(( 10((9
9979999} 7 ?B

10( (! 310% & ()t ighAG4r&obd by HLBEEIEIE] iMhO YR &hdt veMUBUEK Surhoroby 10%Y LY

L& ()-9:.: K N:s:<;dEB 10((!s& 10% & ()- 33(10%{& ()- 3&10% & ()-$10% & ()
sL! MLOY% ghampcierigigg anq aduantages of variows pretirrediamberimeqtaof the pgeseuigyantien ) - @

3 oég‘y & bhidBle s %ﬂéﬁf{éﬁgbegpfe%%‘ﬁgﬂ&é&w{o&Ot‘i{gsgq,l/&l?s)ure is 1] Ltst@gye}(ﬁ_)rﬁg @Qﬁ__ef}[ .

10( ( 10$ hifdRfidatioh {nayfbe'madbO%l:lb&a ¥y in Matters of structure, arrangement of parts and/or
109&' I X910%90&' 00/ &y, 10965 - ===>&>T>>"<E 10
10! 3° :(3? 1@159&5 (N)\/%G/ png@ 50 the|)1m{|_ )&n /d?\ (%ulq extent indicated by the brg)gd

general meaning of the appended claims w1thout departing from the scope of the

invention.



@ 10%& ()-! FS) @O%& () - &10%& () - >>>>>G??@ @ P10s10% & ()-! Psf 109&&& () - sf
109 ()-1Vc sf 109%6(6(& ()- 10HH 10HH 10HH { 3" 3! 1094HH& ()- Y

@@\' ABhBCz[ <r P10s$! 1094 & ()-3"#109% & ()-!sl 1 109% (& ()-4310% & ()-!Ps9 ! 10%
& ()-1[s9 ! 10% (& ()- COCCCCCC 0010. "10% & ()-m . "10% & ()-m . "10% & ()-m
1."10% & ()-m."10% & ()-m s-10% & ()- 3

F+109% & () - CCCCCCCpV<010. . "109% & ()-m . "10% & ()-m;cT Vm'."10% & ()-m
"10% & ()-m . "10% & ()-m ccceeec) 0103 " 10% & ()-m . "10% "10% & () -m
"10% & ()-m."10% & ()-m."10% & ()-m."10% & ()-m."109% & ()-m

CCCCCCCl M 01. " 109 & ()-m . "10% & () - ", "10% & ()-m ."10% & ()-m

"10% & ()-m;cT vm'c:cc:DDDDglvl01."?33%(%I y-m."10% & ()-m;cT

1. A method of locating a plurality of strain gauges on an inner surface of a hollow
5  body having a first parameter on a first end and a second parameter on a second end, the
method operable to measure randomly applied load applying on the first end of the
hollow body comprising the steps of:
attaching a plurality of first strain gauges along a first parameter path; and
attaching a plurality of second strain gauges and at least one third strain gauge in

10  orthogonal direction of second parameter path.

2. A method of locating a plurality of strain gauges on an outer surface of a hollow
body having a first parameter on a first end and a second parameter on a second end, the
method operable to measure load applying on the first end of the hollow body comprising
15  the steps of:
attaching a plurality of first strain gauges along a first parameter path; and
attaching a plurality of second strain gauges and at least one third strain gauge in

orthogonal direction of second parameter path.

20 3. The method of locating a plurality of strain gauges according to claim 1 or 2,
wherein the first parameter path includes four first strain gauges and the second

parameter path includes four second strain gauges and one third group of strain gauges.

4. The method of locating a plurality of strain gauges according to claim 3, wherein
25  the adjacent first strain gauges are configured to be 90° apart from each other relative to a

first corresponding center along the first parameter path and the adjacent second strain

gauges configured to be 90° apart from each other relative to a second corresponding

center along the second parameter path.



V' "10% & ()-m . "10% & ()-m ."10% & ()-m D DDDD$D- DeFO1. "10% & "10% & ()-m
10 & ()-m L "10% & ()-m Lt 10% & ()-m L "10% & ()-m L "10% & () -m

-D. D1D3D6D8D>DI M 01. "10% & ()-m . "10% & ()-m ."10% & ()-m ."10% & ()-m
."10% & ()-m;cT Vni >DDDl DRDSDVDYDgM 01. " 10% & ()-m."10%& ()-m;cT

V' "10% & ()-m . "10% & ()-m . "10% & ()-m

YD[ D] DcDi DoDxDeFO1. "10% & "10% & ()-m ., "10% & ()-m ."10% & ()-m

10% & ()-m L "10% & ()-m . " 10% & )-r’rH(D)/D| D~DDDDI M 01. "10% & ()-m

" 109% & @) - m The meglesd 9f-logating @ I&aélgy-qﬁstram(gwggs(a)ccmﬁjngﬁo claim 3, wherein

the at least one third strain gauge is configured to locate in space between any two

adjacent second strain gauges along the second parameter path.

5 6. The method of locating a plurality of strain gauges according to claim 5, wherein
the third strain gauges is configured 45° apart from the any two adjacent second strain

gauges relative to the second corresponding center.,

7. The method of locating a plurality of strain gauges according to claim 1 or 2,
10 further comprising the step of configuring the first strain gauges and the second strain
gauges operable to sense an corresponding applied load component in any direction

randomly.

8. The method of locating a plurality of strain gauges according to claim 1 or 2,
15  further comprising the steps of:
locating the first parameter path at a first distance having at least one first
parameter from the first end; and
locating the second parameter path at a second distance having at least one second
parameter from the second end.
20
9. The method of locating a plurality of strain gauges according to claim 1 or 2,
further comprising the step of configuring the first parameter path and second parameter

path to have a maximum allowable distance from each other.

25 10.  The method of locating a plurality of strain gauges according to claim 1 or 2,
wherein the first parameter path is located nearer to the first end than the second

parameter path.

11.  The method of locating a plurality of strain gauges according to claim 1 or 2,
30 further comprising the steps of:

obtaining readings from strain gauges; and
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."109% & ()-m."109% & ()-m."10% & ()- m DDDDDDDEi H1. "10% & 9, 10% & () -

, 109 & ()- 10( 10( 10(."10%& ()-m;cT Vml EFFFFFF6GOvU4 " y9! 10%$& () -

EMLO%e$E ()- 109%$& ()- 10%$& ()-10"10"V10" 110% & () - GEHUHHHLI | [: vU4
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* ¢is the strain gauge reading taken from the respective denoted strain gauge;

. . 1
15 e (Ois astress, for which ¢ = -E—O' +&r;

e Fis amaterial Young’s modules;
® ¢gp, is the third strain gauge reading purely caused by temperature change;
e vis amaterial Posson’s ratio;
e R, is an inner radius of the second circumferential path;
20 » A, 1is across section area of the second circumferential path;
e ,is amoment of inertia of the second circumferential path;

M —_
e P, is aradial load component, for which P, = _L'm——i%l‘ ;
u - 1

* M,, is a bending moment of the radial load at the second circumferential path and
M, is a bending moment of the radial load at the first circumferential path;
25 e «is an angle between P, and P,;
e [;and L, is a length measuring from the second end to the first circumferential

path and the second circumferential path respectively.



