VWRAPAROUND STRAI N GAGE ASSEMBLY FOR BRAKE ROD BACKGROUND A | andi ng
gear assenbly of a large commercial aircraft may include a plurality of
wheel and brake assenblies under the aircraft's nose and wi ngs. Each wheel
and brake assenbly may include a wheel, rotor discs that rotate with the
wheel , and stator discs that are fixed against rotation with respect to a
brake head or housing. A brake rod, which nmay be connected to t he brake

head. and WRAPARBOND'SYRAIN BATE ASSMBLY FOR BRAKE'RTDI 1 nd

br aki ng. aking, loads on't ake s are neasured The
measured | oads are used to determ ne braki ng force. The | oad on each
brake rod my BACKGEGROUNDDY a strain gage. A strain gage such as a
Wheat st one bridge 1ncludes nultiple el enments, which are nmounted with
precision on each bA#nslinggeapassemblycoic largeconmasisia@iirarb Maydacludai n

gage wires are e v HIsS spent
buil ding a V\head?)ﬂ gﬁt& ‘gfr %égl %Hgabqjg?%g%awgﬁg r odg? tﬁ%aémﬁar gen(?:%élm?gram gl
aircraft, thengingsglEadrewhgenany beskes axdeanblylmal endlods a wheel, rotor dagsd be
deswable to reduce the tinme to build a Weat stone bridge on_a brake rod.

SUMVARY that:mtatenylthdham’@ﬂioanmwhéimsﬁhahﬁr%msaﬁ! RN saiticBes a
brake rod and g 'r8§¢é%!tetodé%r§%fﬁééo€w' 1 arfgop% b@él@é’?&dt%.&{ﬁ@ had. The

strip has a plurall substrate cutou preci se | ocations strain
gage substrat etmnnected to the brake head and to a landing strut, prevents rotation of the

brake head during braking.

During braking, loads on the brake rods are measured. The

measured loads are used to determine braking force.

The load on each brake rod may be measured by a strain gage. A
strain gage such as a Wheatstone bridge includes multiple elements,
which are mounted with precision on each brake rod. After the elements

have been mounted, thin gage wires are soldered onto the elements.

Several hours may be spent building a Wheatstone bridge on a
single brake rod. In a large commercial aircraft, there might be as many

as sixteen brake rods.

It would be desirable to reduce the time to build a Wheatstone

bridge on a brake rod.
SUMMARY

According to an embodiment herein, an apparatus comprises a brake rod
and a flexible dielectric strip wrapped around the brake rod. The strip has a

plurality of substrate cutouts at precise locations for strain gage substrates.

According to another embodiment herein, a strain gage assembly
comprises a strain gage including a plurality of substrates, and a flexible dielectric
strip having a plurality of substrate cutouts for the substrates. The substrates are

mounted in the cutouts.



According to another enbodi nent herein, a strain gage assenbly conprises a
strain gage including a plurality of substrates, and a flexible dielectric
strip having a plurality of substrate cutouts for the substrates. The
substrates are nmounted in the cutouts. Accordi ng to anot her
enbodi ment herein, a hrake rod assenbly conprises an aircraft brake rod,
and at | east M%@'Pgﬁﬂiaﬁgaﬁrﬁg@\‘ﬁmﬂﬁﬁﬁ S F’Eﬁ ré’g%ssf@}?ﬁpwqrﬁgfudes a
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strain gage substrates nounte hin cutouts in the dielectric strip.
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conprises aligning the marks on the strip to align ends of the strip and

pr eci sel yor sitaingagessubistriateson t he brake rod. These features and
functions may be achi eved i ndependently in various enbodi nents or may be
conbi ned i n otAmordingddiamether. erffbodiment derain| 8 noéthoH ecosngristisnerappinga be
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illustration of "an exanpl'e of the straln gage assenbly. _ .
alignment marks, and a plurality of substrates attached to the strip at precise
locations relative to the marks. The method further comprises aligning the marks
on the strip to align ends of the strip and precisely locate the strip on the brake

rod.

These features and functions may be achieved independently in various
embodiments or may be combined in other embodiments. Further details of the
embodiments can be seen with reference to the following description and

drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG.1 is an illustration of a brake rod and a strain gage assembly wrapped

around the brake rod.
FIG. 2A is an illustration of an example of the strain gage assembly.

FIG. 2B is an illustration of a substrate cutout for a dielectric strip of the

strain gage assembly.

FIG. 3 is a schematic of an example of a strain gage for the strain gage

assembly.



FIG 2B is an illustration of a substrate cutout for a dielectric strip of

the strain gage assenbly. FIG 3 is a schematic of an exanple of a
strain gage for the strain gage assenbly. FIG 4 is an illustration of a
met hod of nmounting a strain gage to a brake rod. FIG 5 is an illustration

of an aircraft_landjn ear ass is.an il)Justration aof met hod
for an aircrafflGC-BE8 ’l% g@pg% éﬁthOdGOf W@Pgrﬂ:é{ rag %%Qfe?? Bokﬁ? 1,

which illygtrates a brake rod assenbly 100 including a brake rod 110 and a
strain gage assenbly 120 w apped around the brake rod 110. The strain gage

assembl y 120 'ﬁﬁ%ﬂg%n |933r¢a&&>i11cgan Adr Iéﬁdlﬁ%%@??’ﬁé%ﬂ% both) on the

brﬁkelrod 110 rake 1o I's not Irmt o any particul ar type of
vehi cl e. For nce he br rt of an autonotive brake
system an ai rr'[c]fsa E'Hh‘f Hbat%@gacﬁas@‘%féogﬂofog% Eczgg road | oconotive system
The brake rod 110 is not even |[imted to a vehicle. O her platforns

i nclude, but are not limted to, cranes, derricks, w nches, and shi ppi ng

t ugs. Additional reference is made to FIG 2A, which illustrates an
exanpl e @ETAILED DESCBIRFIONsenbl y 120. The strain gage assenbl y 120 of

FIG 2A inclTudes a flexible dielectric str 122 hav | ura
substrate cutd%@§r%ﬂcep'|se@?§§ Pcﬁ@[ 1@@'?"(‘)”"@3”@5@%""35@@&}59@)'[) Xgﬁ
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and 124d makeraodcﬂfﬂ) | ddwt Straim. gage assembly 120 measures loads (e g., axial or

transverse or both) on the brake rod 110. The brake rod 110 is not limited to any

particular type of vehicle. For instance, the brake rod 110 may be part of an
automotive brake system, an aircraft landing gear system, or a railroad
locomotive system. The brake rod 110 is not even limited to a vehicle. Other
platforms include, but are not limited to, cranes, derricks, winches, and shipping

tugs.

Additional reference is made to FIG. 2A, which illustrates an example of
the strain gage assembly 120.The strain gage assembly 120 of FIG. 2A includes
a flexible dielectric strip 122 having a plurality of substrate cutouts at precise
locations for strain gage substrates. Each strain gage substrate includes one or
more elements of a strain gage. The strain gage assembly of FIG. 2A includes
four substrates 124a, 124b, 124c and 124d at various locations.

FIG. 2B illustrates a substrate cutout 123 for a dielectric strip 122 of the
strain gage assembly 120. The cutout 123 penetrates all the way through the
strip 122. Each substrate 124a-124d is located within its corresponding cutout
123 and is attached to the dielectric strip 122. The substrates 124a-124d are
positioned at a depth whereby they will rest against the brake rod 110 when the
strain gage assembly 120 is wrapped around the brake rod 110.

The strain gage assembly 120 of FIG. 2A further includes a plurality of
terminals 126 on the flexible dielectric strip 122. Traces and/or jumper wires (not
shown) on the flexible dielectric strip 122 connect the elements on the substrates

124a-124d to the terminals 126 in a specific configuration (e.g., as Wheatstone
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FIG 2B illustrates a substrate cutout 123 for a dielectric strip 122 of
the strain gage assenbly 120. The cutout 123 penetrates all the way through
the strip 122. Each substrate 124a-124d is |located within its correspondi ng
cutout 123 and is attached to the dielectric strip 122. The substrates

124a-124d are itioned at th wher eby t he rest. agal nst t
br ake roob”_gw)'a/h tt%ms?&sa. % PAQVERA rQ?O%PgérWrtafBbéMredggaﬁWH br ake

rod 110. (nEiﬁehéfvﬁ)’;‘%@gao ﬂ%%tﬁm) %&Qcﬁé K Ghe mhiHalhese i) wdes a

plurality (I)r?ster Ie die ectrlc strip 122. Traces
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or otherw se g?'?l?@ﬁfé"dpfftpqrh%s Pt the sypstrates héfba it%é 8's to
anot her d(ﬁ¥'éil%ﬂ§ glage el@neRtd f8h] Bbnd 0&?' e b Su[;\atér‘iél' Wﬁé‘%bbsfr@l&%r%'a-

scope). ctric properties trates 124a-124d are
desi gned 123dd poiviadeca thigh #risutationgaegstahenbetved the s:tmidlgageveletrwms aaderi al .
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t hi ckness may | nprove ing o e strain gage assenbly
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enbodi nent s, the d| r| c strip, 122 be thinner in Hg(oi&? portions that
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termnal g, ﬁgezlaseff i Jltgl GF the | dttdi tda’é@%lérhént%t r thSS%eeﬁitﬁiaﬁﬂéﬁtsorthbhe

substr at es onfigured as a Wheatstone bridge 310. The first
subst r at aligiegticradsip i122Imay be thinnst irmihese postians that hald thetsvibstratesel 24mset t e

T3, th d t 124b i d tte T2 d

fourt heTZ 41%?)@56[{8'0 éfra'nt hasg RPH@‘?UB& gg&?q%iﬁﬁﬁgggfﬁc{ 832 aef ir s?nba?ance
t Rz1 d bal t rth trat

15ad mmy ne H6.2 Iiafetessia Braisssas eiorae eovadie Subsirales 12342407,

provide t Fé?Péé BN e!?gs‘to%rbﬂ?g@ The fﬂ?étaétﬂ)sm@e qbaa &y f#dde O each

ot her. The rosettes ‘T4 determ ne the braxial stress
state wi tfhstk'ﬁee\mosettmd‘npamd di tf\afdtTemsose’fleeT3,etifler secandesubistrate 2 24p3mayd 14

I to det t dul f tici t
cont ract 18710 doreeui beg dotelte N 3 foves Jeeserals T das YO KFaste: <.
I ndex) . 124¢ mgﬁrﬁﬂudé‘g fPSIShIAEE FesifloFRES-ank ﬁ%@cé’ﬁv\i bhiéﬁcé'réélgtﬁrfRZQ strip
122 has first and second marks A and B for precisely al |g_|n ends of the

strip 12Zanshiee fatehsedstratauhzdd maingkideragpan 0egisiocR: e Fesatiesst and
second n Th nd D
for precis ﬁSDfpﬁgaf‘Eo-ﬂ Rg f‘ﬁ% t@?rrﬁﬁgégfpgaﬁﬁﬁﬁgﬁnggg é}d Q’ﬂ%béep?e(r:u gtr gnce of
the brakegrogndiéOto each other. The Tee rosettes T1, T2, T3 and T4 determine the

biaxial stress state with known principle directions. The Tee rosettes T1, T2, T3

and T4 are also used to determine the modulus of elasticity and transverse

contraction index (also called the transverse strain index or transverse index).

Referring once again to FIGS. 1 and 2A, the dielectric strip 122 has first
and second marks A and B for precisely aligning ends of the strip 122 when
wrapped around the brake rod 110 (FIG. 1 shows the first and second marks A
and B aligned). The strip 122 has additional marks C and D for precisely

positioning the strip 122 along a length and circumference of the brake rod 110.

FIG. 4 is an illustration of a method of mounting the strain gage assembly
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120 to the brake rod 110. At bl ock 410, alignnent marks are made on the
brake rod 110. Each alignnent mark may be a specified distance froma
reference a reference point (e.g., a bushing) on the brake rod 110.

At bl ock 420, uncured adhesive is applied to the brake rod 110. An M bond

i dhesi . bl ock he .di el ' i
1001 o ot Beertstka Fowd 1B, Reblpel4190adrie etk sre Rari.on Fedhpkert | on
and the rgks0A gaghBlighnitdnt Shaminalase &hparified dibfance)fromhe réfdeéridenaal

marks C and D on the dielectric strip 122 are in alignment with marks on
t he br akgefasanae poind (posia bushingleonithe lrekeireddflPip with respect to the
circunference of the brake rod. An end of the dielectric strip 122 nay be
measur ed at a Ati loak 2O0DREFEUFed adhhsivedf caapplied toothet brike (ak 146o0fm Ma FI G

1) on the brake.rod 110,t0. position the strain gage assenbly 120 al ong the
| engt h O&Weslifﬂ"élgég?@d’hﬁ . 'ﬁ?ybﬁi%se oi nt, the substrates 124a-124d and

their strain gage elenents are in their precise locations wth respect to

t he brake rod Pit%tej@cl?ﬁé%thﬁsd'a'epﬁlcrﬁtr'aﬁe"—? '§f‘”r§896giqy‘égrb‘gﬂ%gnf?kﬁﬂé’%sﬁﬁ%t rates
and br akeyfipgcldi) ends in d:ﬁﬂp itk a0 trﬂﬁrlﬁdﬂ%'ﬂd"@ ih%lipHﬁ%ﬂt (fféh%ﬁnpl e,
the strain gage agse s|y y be wrappeg wth tape to marntain alignnment

wi th the ibriEke t)od TheO additidnaherarkseC tape @ assthebdieléctrinesttipdi22h ane ioven
until the adhesive, has been cured. At. bl ock 4 ires. are attached
to the t_e%“ﬂf‘msf% with gar aﬂﬂjﬁ@ %f—%?e o 14Acto Po# owﬁggs‘y}dﬁ@ﬁﬁlﬁ’es@'& Wibed to
the termmpghsctYo te drc@RffeRence of theMrakbdel. ARlend BethAbRIEEriE 8FipHops RZ1

and RZ2 may be adjusted so the bridge provides zero output when no strain
i s presennay bermeasungdeat a HistandeaResr fremithegeferende paint RE2F 4ae shawadn- t ype

conpensatd pg .k esi st ars, who resi stance is jirreversibly in n
cect ong AP fuoh) Megrakaad AdhORLRe AT teh sl AHER pre bVl SRodfer o

3, a vol agghi & fMePbiske el P$6. LAY i abmt RRNGuIbstraaed 12320124 nd dherge i s
measured across termnals Y and G Rungs on bal ance resistor RZ2 are cut if

t he out p@traimpaggeiemeptisarg inctheiimprecisegeocationsawiticesped; totthe akedpd cut

i f the ouytput age_i,S:.n ' : j.§tor RS
is adj us'tJlejg) “t 01‘@%'{91 %r%tt@nt I%QQFS%) ?%Pﬂea'é{aeb Oegbg\ﬁ?ds;‘]b%’trggecﬁﬁ ?e aggﬁggt ,
relative 111@.t he zero-bal ance val ue, given a specified input strain.
Variations (e.g. brake rod wall thickness) nay be adjusted out with the

span resistor AfSp|deRr 48520 eadHdinvigksure@d FHP égarApRS efiel Btrhidsgagext ure
and a tensile load is applied. The span resistor RS is adjusted (e.g. by

cutting rassgeplumay benarappesuvithdrpade meirdaint alignspeidi wite dhe dirake rod
110, and then the taped assembly is heated in an oven until the adhesive has

been cured.

At block 450, wires are attached to the terminals Y, G, R and B. For

instance, the wires may be soldered to the terminals Y, G, R and B.

At block 460, the balance resistors RZ1 and RZ2 may be adjusted so the
bridge provides zero output when no strain is present. For example, the balance
resistors RZ1 and RZ2 are ladder-type compensating resistors whose resistance
is irreversibly increased when sections of metal foil are removed. For the
Wheatstone bridge 310 of FIG. 3, a voltage is applied across terminals R and B,
and an output voltage is measured across terminals Y and G. Rungs on balance
resistor RZ2 are cut if the output voltage is positive, and rungs on balance

resistor RZ1 are cut if the output voltage is negative.

At block 470, the span resistor RS is adjusted to calibrate the strain gage

to provide a specified output, relative to the zero-balance value, given a specified
5



At bl ock 480, a protective coating is applied to the strain gage assenbly
120. For exanple, electrical resin is applied over the strain gage assenbly
120, and a sealant is applied over the resin. FIG 5 is an
illustration of aircraft Ianding gear assenbly 510 of a |arge connercial or

Theel - endrpicaEin: MArateRS 638 IR 1% FelahiBaSe LAY HI ARt S8 Wi, oo
assenbl y the QpBRYesisr yEe FoW@ﬁQflnplé O brakesirl 11®Ris placed m wist fixtuhe anbeel

and stator d| scs that are fixed against rotation with respect to the br ake
head 530.a tensnle leztis appliedn gl hpeaparsesistor RS5isadjustedde-g. dyl audérg sungsiral ity

f brak h brak d 540 d
2o the bt headoBolat 1507 16 SHEARET SolET Bs0! “The brake rod 590
revents rotatj brake head 40d Each | andi
gear as:enbl y i O?ﬁﬂéagﬁ ﬁr’%&e(ﬁ'éfggc% 'ﬁgd?:ﬁﬁ&l gdgf’%g‘?r%gr%" §49€ %@%M?Pe?g

560 as deggy i P&defﬁhglenele@trlééﬁé&n%%p%lléé'wegﬁi@sﬁélﬁ &/ a§fnbly 1nt ed

to each brake rod is an illustration of a nethod for an
ai rcr af t .andua seglapt iscappliedrover theneesim.rcraft, | andi ng gear is assenbl ed
(block 610), and a plurality of |anding gear assenblies are attached to the
ai rcraft underFlGhes & anritidstratiohusiehingaftaladditigngsar bsserkbly28)0 dofra tuge

nmbodi ts, | nbled b d, sh d.t
oystem | OGNSR or ISR alTCelhd ey RRONG o g g BmpTas Lo peRcp Phiaisy ® °
ai reraf t.ofQuRdd)taks HPARY Yis ng%m’oh@s ls3pdhRg éﬂ%?éke hBsd ! 580 EhGedhe¥ERAQr may

purchase straln gage asse i es described herein from another vendor, and
may nountbrake Iasaennbb/n52& trmay imchaipea atdmtbto}orodlsos dhattrotatekth the wheel, The

| andi ng gear .asse be, del.i ver ) h the
strain g&esStplpr drb a%gr fixed againghrg |°ﬁ'g 'héeﬁp?ﬁhf% 5@5&9%%8:%{’!

the systemint egr at or connect, the s ass o a br ake
syst em cont r olE3fk kand meg%n@mmwm Oné‘)'/'t% ﬁﬁ‘ér(?i" Wﬂet regs
source T Haosuplafididh SR, 2ER8R Pralké Red Subas raoaﬁa@tea%qn@wrs@e h&he
control unit processes signals fromthe strain gage assenblies to

det er m nes3r akd tayaflanding dtnut 5§0ai Ther bifakelnodiG4@gprevents rotation of the brake

head 540 during braking.

Each landing gear assembly 510 further includes a plurality of strain gage
assemblies 560 as described herein. At least one strain gage assembly 560 is

mounted to each brake rod 540.

FIG. 6 is an illustration of a method for an aircraft. During production of
the aircraft, landing gear is assembled (block 610), and a plurality of landing gear
assemblies are attached to the aircraft under the aircraft's fuselage and wings
(block 620). In some embodiments, each landing gear is assembled by a vendor
and shipped to a system integrator, which attaches the landing gear assembly to
the aircraft. During assembly of the landing gear, the landing gear vendor may
purchase strain gage assemblies described herein from another vendor, and may

mount at least one strain gage assembly onto each brake rod.

The landing gear assemblies may be delivered to the system integrator
with the strain gages in place. As part of attaching the landing gear assemblies,
the system integrator may connect the strain gage assemblies to a brake system
control unit. The control unit may include a precision voltage source for supplying

an excitation to the strain gage assemblies. The control unit processes signals
6



After the aircraft has been delivered to a customer (e.g., an airline
carrier) and used in service, the strain gage assenblies will be serviced
| f a mai ntenance inspection reveals wear on a surface of the brake rod, or
tests indicate that strain gage assenbly should be replaced, the

correspondi ng, . brake.rod is renoyed and replaced by. airline nmechanics.(bl ock
630) > PhdrarB oo Uit 0geD FSREP CTiS ron e BTG ekl GyisPrding “ArcHiry
strai n gaggkpgsenbly herein is significantly faster to install than
attaching subStrates directly to a brake rod. The conbi nati on of marks on

the dielectricyglryn aeffb?’aﬁbﬁgib%%nlcgﬁi%k%ﬁﬁ) 8fcu éﬂjf?es.%.f ahesirlive ddifestrip
all ows fewer measurenents to be nade. reover tewer parts are attached at
the tine afd asskimbdervice, tra sirain gage. afeedilies Wit et servicedflf & meaisterancet es
are handl.ed by the vendor of the strai assenb nof. t.he, vendar of
fhe Mandiifsparioh Teveaharsarsin & rpea o i Drike ReeALis DRfich@dnitarsh 3
SLrai N 930RASSRY ' ' ké 96d1i YernBDEW ahle
wheel s, ggﬁce t he SIYrsgli%HE’gggZéggggdﬁgrsqﬁzrﬁ)gﬁaﬁgsgmgépgn(Ijen? on praocess
and ski | Ireplacedrhyadirlinenmechanigs i(bidicki6d0a Thebremeesksbraneogdrmay thei be

Al t hough a resL&t/i ve fulll bri dge Weat stone bridge having four substrates
i s descriObOUbRIOVeP &Yy ai n gage assenbly herein is not so limted. A

Wheat stone bridge having a different nunber  of_ substrates m e d A
capacitive or A%%Fﬁ%f‘i 9_@8%@§§%rf‘9'b{e hereings ng@rﬁ@e@ster to ¥r}§?§l{ &ggﬂ gage
herein 'Sat&%hidr@fvgﬁbétké{bé%efcﬂgﬁl%}éhgﬁébﬁé RRE thedS@mbﬂaﬁisg dfymwgn&héa! n

gages havi ng erent nunber strates nmay be used. strain
gage assalibleytricestepranchyprémisa smmhtions afrtbd subistnatashan thetstep allows. fear

i nstance, a |oad cell be, made with strai age_ assenbly, herein, THE

LA NG EApEmETs (@ G g Morshyelbridscpant, 476 BtBERET Hind Sttt
assembly or maintenance. Precise locations of the substrates are handled by the
vendor of the strain gage assembly, not the vendor of the landing gear assembly

or a third party maintenance service.

A strain gage assembly herein also provides greater uniformity among the
wheels, since the strain gage assembly is much less dependent on process and

skill of manually mounting individual substrates on a brake rod.

Although a resistive full bridge Wheatstone bridge having four substrates
is described above, a strain gage assembly herein is not so limited. A
Wheatstone bridge having a different number of substrates may be used. A

capacitive or inductive Wheatstone bridge may be used.

A strain gage herein is not even limited to a Wheatstone bridge. Other

types of strain gages having different numbers of substrates may be used.

A strain gage assembly herein may be used on a rod other than a brake

rod. Forinstance, a load cell may be made with a strain gage assembly herein.



a flexible dielectric strip wapped around the brake rod, the strip having
a plurality of substrate cutouts at precise |locations for strain gage

substrat es. 2. The apparatus of claim1l, further conprising strain
gage substrates nounted in the substrate cutouts. 3. The apparat us

of clai mrﬁigm the strain gage substrates include elenents of a

Wheat st o : 4. The apparatus of claim3, further conprising a
plurality of terminals on the dielectric strip, and wires and traces
connecting t hel-t er ARRAIUSEAMRIISIRG:ai n gage el enents in the configuration
of the Weat stone bridge. 5. The apparatus of claim4, wherein a
first portion pf.Beodi ghgctric strip holds the substrates and is
configured for sensing strain, and a second portion is configured to carry

the termnals. 6. The apparatus of claim?2, further conprising a
protective coa flexjblendiekestrinidisipreranped around the brake sphathatsigp draviidagm 1,

the. ai of dueAY QbGP Ao R e B s GaRR el or -

precisely positioning the dielectric strip along a | ength and circunference

of the brake rnd, tihe sydsiatal €Sclainh ac fathdracdnmigrigihg lstral gages subsirates
precise locations relative to the marks. 8. The apparatus of claim1,

wher ei n tmheumiegdlie thegubsiraia cytqws.aft brake rod"
3. The apparatus of claim 2, wherein the strain gage substrates

include elements of a Wheatstone bridge.

4, The apparatus of claim 3, further comprising a plurality of terminals
on the dielectric strip, and wires and traces connecting the terminals to the strain

gage elements in the configuration of the Wheatstone bridge.

5. The apparatus of claim 4, wherein a first portion of the dielectric
strip holds the substrates and is configured for sensing strain, and a second

portion is configured to carry the terminals.

6. The apparatus of claim 2, further comprising a protective coating on

the substrates.

7. The apparatus of claim 1, wherein the dielectric strip includes marks
for precisely aligning ends of the dielectric strip when wrapped around the brake
rod, and marks for precisely positioning the dielectric strip along a length and
circumference of the brake rod, the substrates attached to the dielectric strip at

precise locations relative to the marks.

8. The apparatus of claim 1, wherein the brake rod is an aircraft brake

rod.



9. A strain gage assenbly conprising: a strain gage including a plurality
of substrates; and a flexible dielectric strip having a plurality of
cutouts for the substrates, the substrates nounted in the cutouts.

10. The assenbly of claim9, wherein the strip includes marks for precisely
aligning ends of the dielectric strip when.w apped around the brake rod,

and marks for $recihé r?'”&ﬁﬂ%?%?ﬁ’ﬂ@yt%ﬁg’ﬁﬂsm%ctri c strip along a length of

t he brake rod. ~11. The assenbly of claim9, wherein at |east two of
the substrateg Sipyig gi!fgfefiﬁélﬁﬂtngoé PRe&NY ©F substEgtesoang hapes. 12. The
assenbly of claim9, further conprising a plurality of termnals on the

dielectric striﬁ, Wherein a portion of the dielectric strip carryi t he
20

substrates is a Hexhlerdielestiicastppriaving 8 alyrplityfraudouts fay i %UbSt@‘?S’EﬂBr ake
rod asse%b}ét@%bgh@g[‘ﬁﬁe ?:hfoqftgft brake rod: and at | east one

strain gage ass ing a Tlexible dielectric strip wapped around
the brake rod, and a plurality of strain gage substrates nmounted within
cutouts in theldi el B rassestbly mf claitn RAnwhierainafhie shipdimdudesamarksefds! y
conprising: a pl it f | k i :
Pt st pgrecisel[))/ aLilrg%llr{g gné)s omeeedigle%{]r% gtFiS weiwednI \?/(r:a'\spped around the brake rod,
and marks for precisely positioning the dielectric strip along a length of the brake

rod.

11. The assembly of claim 9, wherein at least two of the substrates

have different properties, sizes or shapes.

12. The assembly of claim 9, further comprising a plurality of terminals
on the dielectric strip, wherein a portion of the dielectric strip carrying the

substrates is thinner than a portion carrying the terminals.
13. A brake rod assembly comprising:
an aircraft brake rod; and

at least one strain gage assembly including a flexible dielectric strip
wrapped around the brake rod, and a plurality of strain gage substrates mounted

within cutouts in the dielectric strip.
14.  An aircraft landing gear assembly comprising:
a plurality of wheels and brake discs;
a plurality of brake rods for the plurality of brakes discs; and

a plurality of strain gage assemblies, each strain gage assembly wrapped
around a corresponding brake rod and including a flexible dielectric strip having a

plurality of substrate cutouts at precise locations for strain gage substrates.

15. A method comprising:



a plurality of brake rods for the plurality of brakes discs: and a
plurality of strain gage assenblies, each strain gage assenbly w apped
around a correspondi ng brake rod and including a flexible dielectric strip
having a plurality of substrate cutouts at precise |locations for strain

gage substrates. 15. A nethod conpri sing: apRi a_strain ge
assenbly ar ouﬁ'&f_agpmgaﬂgmgaﬂe_ sgmtﬂy?gfqum Q@agésrgﬁﬁq%n ?lﬁér.aﬁtt?rgg% gage
assenbl y Jdaehilil, NBeasttdif ddileCasicthBIgtindIBdirigh 4 Mlekié REslctit Wi iHaviref a
alignment marks and a plurality of Substrates attached to the strip at
preci se |pealityoakalignraentymarks aneé anpiukality of gubstratesaattaphedgior the sfipiéd on

the strip.to aljgn. en SLIip.. precisely |ocate the strip on the
br ake ro&rei'geﬁ%q@ﬁgl?%g?@ﬁ?ﬁ h‘a{'gs erein the strain gage assenbly is
wr apped around the brake rod and precisely positioned by a | andi ng gear
vendor during dligaiigothe aharkbeort anelistdp deadlign ends of the strip and precisely

locate the strip on the brake rod.

16. The method of claim 15, wherein the strain gage assembly is
wrapped around the brake rod and precisely positioned by a landing gear vendor

during assembly of the landing gear.
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