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1.0 Sunnn'rY
A c,rmpxss ntudule accessory wNs dcveloped lid combincd

sirh thc XYLON slxnd?rd llAR 150 digilrl b!rcgrrph 10

nreet tlrc OSTIV requirenrcnls tor ! blrogrlph wilh con!
bifed rltiludc rnd conrplss hcading records. A smtll nrg
relic conrplss \us opticxll! cncodcd to prc!i.1c t digirxl oul

tdl Thc microp.ocessr irr the BAR-l50 brrograFh w.s uscd

ro intcrrogrte lhe comprss .nd lroccss lhc oulput to ptuvidc
r comprss heuding printout or indication ol circling Severrl
llights i!ere rad. to denonst.atc thc oPeration lnd shos !he
lypc ol records prcduced.

2.0Introductiotr
In response to rhc OSTIV rcquest. a diSilxl compas nrod

ulc dccessort fo. the stxndx XYl-ON tlAR-350 digil.l
barograph nreeling lhe OSIIV .equircmcnl lbr a barogrdph

withionrbincd !l1itude and co pass hcading record w!s d€

veloped and flight testcd.
\,n.c l\< BAR t'0 in.ornur. c'l n,'-n.ruLCi rr ir s '\

Donrl)lcrrmJt( lc',ldilronor I r'!ornr"\h< drngrc,"r,l
irr c 'n-bili r ,n J ,cld ,\el) 'in.r ( ,nJ ' Jrg rrlo sJrd

anncr. The microprocessor provides thc ctp!bilitv to inler
roeate theconrpass and p.occss the encoded digitaloulput to
provide a comptss heading printout or indicalion olcircling

3.0 Syst.m
The complete systcm, shown in Figure l. consists o.lv olx

snrall cdnpass nrodulc, inie.connect cablc and a slNndxrd

BAR r\0 bJroAtu11. Poser F PrJvrd.J b) rre B{R-r\0

'nrernrlh.,LLefle,. 
ru lne n\lcm i. co npl(L(lv rll .unrJrrred

Thc blockdiasram, Figur;2, sboss thefunctions included in

drc lwo components.
Al six sccond inre.v.ls.1he microcompuler scans thc cn_

code. disk on tbe magnetic compass to delerminc th€ com-

88

Figuru 2, l unctionll Block Drlcrrn.

i,-- i'Il"j'j' ,--

Figurs l, aompl€ir SJ.tcm.
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liicurr l. Compass Ntodnle,

pdss h€adirg Ar algorilhm i. lhc $flwrrc dctcrnrin.s
*lelher the headings mcasurcd during rhc onc minulc inlcr
!al indicrie circlins o. crrisins. l'hc c.uisins comprss hcad
ing is prinlcd ,long wilh the clapscd tinc rnd rllitudc rl onc

Ibr lhc OSTIV applicrrion il did nol appc!r nccessrr) lo
add thc conrplicrlion ofgi baling theconrprs 1o corecl lo.
thccnorsdue topirch. Theerordueto roll rvhcn thcrnralling
is not impodanl since heading is ol littlc intcr.st rvhcn thcr
mrlling. The error due 1o pitch during dolphin llyins. *hilc
sienilicunl. will generally avc.aSc out to zcio sincc thcrc !ill
be aDp.orimately an cqualnunrbcr olclimbs and divcs.

The lechiical dah ld bolh lhe b.rogrrph rnd comp.ss
.drii. xr. sh.sf in'lrhle I

4-0 ('ohpass Modul€
Tlre compxs module is a rnrgnetic corn0rs\ sil h ! digilrl

outfut thxt crn be connected to rhe BAR-150 ba.ograph to
frovidc ! hcrding rccord in pxrailcl with the strndrrd BAR-
150 rltiludc vs. timc rccord. Thc fhotogrnph oilhecoDpass
1, 'J, ( $irLr .' \d r(mw. J. FisurL J. .I s' rl,c ,. Lnc,,.
comp.ss. encoder disk rvith llber optics rcrd oul !nd thc as

socidled prolol)pe eleclronics.

4.1 Opoatirg Principle

Tlre se sing unil is ! sm!licddv currcnt drJnped nragfclic
comtass wilh jes€l bed.ing pivots. The jelel berri ss rnd
enall mass resull in slalic l.iclidr crror consideribl! lcss
than the required cornpass lccuracy ol I / 5 degrees A
fibcr oplics ar.ay lro an infrr red emitting diode illunri
n.tcs !n cight ring encoder di!k rll.chcd to thc comp!s. A
.<..nJ hqcr Jrr\ rJ..n'r.lrr rru<r3l-r prr.iJ r.'n.i.r.l
gcneralingancigfitbitcodea dcorr€sponding2dcgrccrcso
1u1ion.

The compass hcading is read a! six second intcn,als by !
resel signalfollowed br a sffies oleigh! puls€s scnt lront lhc
BAR--150. Since each puhc dumtion is only I millisecond
xnd lhe cure.! approx;natcly l0 nrilliamFres, the averlge
pow.rsuppliedby lhe BAR l50inlcrnrl balteries. is negligr-

'Ihc BAR 150 nicroproccssor convcrls thc cight bil e.,
codcrdrta lothecompass headingrnd proccsscs thc l0hcnd
ing rcadings using a program ed !lgorilhnr so that thc hcad
ing is prinlcd al thc samc one mi.Lrle inlerval .s lbr Nlli(udc.

;1.2 Conyersion,Ugorithm
It is possihle to usc d vrriely ol dilTc.cnl algo.ithns to

proccss tfic l0 comtass hexdings lo the prinl out dl thc onc



,-.4.

::.t:

I igurc:1. BAR-150 Barograph.

minutc inlerlrl. Since the BAR 150 is microprocessor co.'
1.olled, lhe .tlgornhrn can bc casil) modilled and pro
grrnrmed inlo the hPROM as is lhc b!rograth cxlibtation.
ThcrDprop.iale aleorithm should bedele nincd by how lhe
d!la !re 1o bc uscd rnd b) night expe.i€ncc.

The nlgo.ithm used lo n)€e1 the strlcd OS'IIV require-
menls is vcry simple.

Ilthe sum ol the absolu!e values olthc l0 tnguldr heading
ch.nges bctsccn successive readings during the one ,ninulc
intc.vrl, is gredter !h!n,100 dcgtccs, noprinl-ortl olcompass
hcldingoccurs. Otherwis.,thccomp.ss heading dt lhc cnd ol'
cach one minule intcrval is p.inled.

The dbse.ce of I p.inlcd coorpas hclding itrdicates thlt
'll( J, nl.'1. hJ arrr rcl,r,f dur nS rlh p it nr,I 

"ulcin(erval Br- nol p.inling lbr the circling cts€, it is easicr 1o

scan the rccord and nole linres whcn lhcrnralling occurrcd.
The seleciion o1400 degrees as the threshold lor r ci.clins
indicalion permils.t singlc 160 degree lurn to bc m.de 1o

chcck lor r !hermal and slill p.inl oul thc coursc being llosn
il lhe pilol elccls to collinue alter thc singlc circle. As noted

e.trljer, lhc mic.oprocessor and LPROM Pcrnils the usc of
manydi$crcnl algorithnrs if dcsired.

4.3 Instalhtion in Sailplane
As wilh orher comprsses. i1 is desirdble 1o mo un1 the scnso.

in r locNlion th.It is as liee lron magnetic disturbrnce xs
practical Hoscvc., thc locrlion docs not rl$r hlvc to bc onc
that is visiblc lo thc pilor.'Ihc smrllsize (l l/1x: l/4 x I
l/2 inches) and small 5 conducror BAR-150 iilerco.necl
..'bl( $irh tlug r(, ',i, i. u1\ pe ,nir. n.rJ lJ i.n r., ,^re
f.(nr rhe harograph. A crossed d rpolc compcnsator is.lrihblc
for innallalions shere I is nol practrcNl lo mounl ihc compass
in an irteftrcncc iicc localion.

5.0 XYI-ON B,\R-350 Barograph
Thc BAR 150 digilll brrogftph. slnNn in Figure 4, hrs

bccn in usc in the USA lor lwo )cab and il's brtugra is are

acccptcd b) the SSA lhe BAR 350 is rhe re\ull ol applying
prccision scn!tr instrunren(arion lnd'nictufoconpuler
rcchrolog) ro develop a barograph thrt is small. accuratc and

conlenienl Io use. This convcnrencc ofusc h$ rcsulled in il's
beinS trscd on o indry llighls tojus pro!ide flightevahation
data in addition 10 rhe normal lse on badge or record fli8hts
rnd mororglider conlest,r.
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Thc i corporrtiof ol rn elcc(ronic lield clevrlion scuing
Nnd the rlorcd c!libration rcsult$ in r br.ogrrm lhat prercnts
durl {llirude di.cctl] lhe li)rnr of the brrogrrph trrrkcs

tlight rnrlysir v.r) sinrplc rnd direot. Thc fri rcd oulfur
xlliludc resolulion is 50lccr. TIc use olrn rlrcrn.rc solrwrrc
progfulr r.suL(s in r rcrric ourpur with r rcsolution ol l0

Ilr rr r' rEl:.l rlur(l , " r(.U'dr h( 'rrrur.'f r,rrr
tinre n) !n r.eur.c'_ ol 0 I nrin!lc. grcrllr sinlflil!irg motd'
elider conrert drt er.fi,irlion.

Ih. onl) ch!ngcs neccsNrl 1o recomoddlc lhc comtrss
,rrqlulc xrc n)lls.irc moditcrri(lrs.nd .dditior ol x conn.c
lor lin the comprsr modLrlc colllccrion.

5.1 Op€ratitrg Principlc
Thc BAR 150 cmplols lrr evrcualcd. renpfalurc conpcn
sNlcd hclldls lo scrsc Lhc.hrnge in pr€ssLfc with.tltitLrd.

5 5 "'-: C. 10
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CC'0

550-10.c3
1lc0-c0.04
1750-0c.35
2200-00.06
26aO-i0. 07
3050-!c.08

05'7
3550-CC.09
38 50-00.10

3550
395C-t0.ll

Lxpxnsn)n of rhc bclb{s wilh incrcasiflg ahitude .csutts in .
s;gnrl which is conloftcd by a nricro-proccssor sys(c wirh
uuJ rl / .r\rr.,l lrm;n! ro dll, ( r drsilJl chrr.trt(r fhnter'the rlriludc is nrcrsurcd cv.ry 6 seconds dnd priitcd rl
onc ninulc inrcrvris r1on8 sith the clxpscd timc. An! illi
tudc nrnximullr rnd/or fiin,drum occurrins during rh. one
Dinute inlc^xl is !ls() dctehni.cd. pri ted rnd idcntilicd h!''' .,r.'.'_rhLLrt,r|,:. ,1 1l,''(-ru (.,1J\- n,r.l:.
ing rlrc hrtuglrm quickly with nrininrum a!tilude loss

An irlomntic b.ller] lcsr ltxlr'rr i: incorlrtrrl(d ro prc,
vcDr thc llighl heing mdde {ith inldc!u.(e brtLcr} lilc lo.
thc phnncd lli8ht (lurutidr A brrtrrv lesl R)utinc thrr is
iniLirled whd thc inrtirl lltitude is prirred rltcr turn{n
ntrkes usc ol lhc vollrSc vs. .aprcity ehNrnclcristic of alkr
linc hlrtcrie\. Il lhc hrtrery volrrgc is bs. indicrrinS in.(lc
qur'1e bLiller,,_ ertreil) tor !n 8 hour ilieht,I line ol zcros is
printcd and rll tunc!ion burto.s rrc doirctivalcd.

Llororglid.r crgi!rc opcrxtion is indicdtc(i hy I dclectu

FiBl,]€ 5. Po.lion of Annorll.d Volorglide flio( hp€ (tlasic
BAR-150 llar0Hrtph).

Portion of Annotated Motorglider Flight Tape
(Basic BAR-350 Barograph)

- 

Turn-on altitude

- 
Field elevation - s€l by decrementing

Take-ofi and climb under power

- 
Slan - -rial number, field elevation, zero time

-- Engi0e start

)

;

,trtiO-C0.12

I

i
Is0s0-c0.13

Engine stop - 6.7 minute engine run

Continue climb in thermal
Altitude mioimum of 3550 ft, for 'notch!

Continue climb in lhermal

Elapsed time (hours.minutes)
Altitude (feet)



shich senses Ih.clcclric hcld !round lhespark plug wire. No
/, - r' u r. r{, r.'rlh rnsirtr Ll<.ll(.,1 "r iBli'u- ).r( r i.
.equircd rnd thcrc is no indicrlion *ith a *indmillingt.ol)el-
lor. Run tinrcs !.c rccorded lo lhe n*rest 0.1 minDte and
strf rnd stopshosn sirhin then)illule interval in which they

5.2 Oflicial ScaliDg
Merns lbr sc!ling wilh x conv.ntionrl wirc and lcad seal is

provided. The "strtrr" hutlon on thc conlrol pdnel can be

rcludted by pressing th. rubb.r dirphmm in thc se.lcd cover.
Once lhe srsre.l is startcd. th.rc is also cllcclively rn elec-
rronic rerl \irce it cannot bc stopped rnd reshrled *ithoul
rh€ clock resetling ro 7c.o.

5.3 Calib.!tion
Thc BAR 150 has rn inlernlll! stored calibration. Oncc

th. ticld clcvrrion hrs bccn set. lhe correct prcssurc allitudc

is.ccorded so thc.e is no need to rcfc. 1o calibrrlion charls or
trbles the c!librilion is buill in.

5.,1 Sailplanc Mounting
The BAR-li0's snrrll sizc rnd lighl ueighl lacilitale sail

th e Jnounting. In addilion, insensilivil) to shock and vibra
rior elinrinntcs the nced lor shock mounting.

5.5 Litreme Cold Op$ation
Mininrum opcr!ring renrperaiurc fo. thc BAR 350 is -7C

(19|). In addi(ion, the lhernrl capacity ol lhc inslru renl
rill fcflnil operrlion al lo*.r lcnrpcr.tur€ lbr shorl periods

R)r opcr,rion ii e\lrenrc cold (w.ve fligh!s) lbr extcndcd
pcriods 01 li.re, rn optidrNl p!$ive lhennal cnclosurc is

rv!ilable. This spccirll) dcsigned bor conldins phasc chrngc
tlennrl mxscs Nhich in conju.ction wilh cxccllent insula-
lion permits opc.rlion lor seve.rl hours rl 65C.

Iiigure 6,I'o.tion olAnnotalcd Sailplane FlightT.p€ IBAR-350 Bilh
Conpa$ Modulc).

Portion of Annotated Sailplane Flight Tape
(BAR-350 with Compass Module)
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Cruise - Heading of 028 +2/-6 degrees

Thermalling - 650 ftlmin. maxrmum
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6.0 Flisht Reco.ds 350 barograph. Figure 6 is a sailplane night using the BAR
Thc flight rccord isadisital printout on I l/2incfiwide 350 wilh theconpass nodulc.

tlain papertapc. Thc bcadinS, altiludcand cla|)sed timeare
t.inted at onc minuic intc.vals. Thc scrial nurnher oi the 7.0 Conclusions
barug rath is p.intcd al lfic str rl ol €rch record. The snra 11 size rnd ease ot instrlld tion of lhe conr pr ss mod

Ponions oltso annolal.d fiighl tapes arc shown i. {igures ulecombined with thenrodeslcosl resulls in. convenienl rnd
5 and 6. Figure 5 is x notorglider l'light using the hasic BAR tr{cticrl lullillnrenl oi lhe OSTIV requirenrenl.

Talrl e I

TECHNICAL DATA

E48 ]!1] BAE9qEAEE

Farog.am Forh - digital printout on l-l/? i^- Plain PaPer
(-13 inche6 tape Per hour of fliqht)

Altitude Ranqe - o to f,5'OOO Jeet (O-1O'Ooo neters)

Altitude lleasurement FrEquency - once every 6 seconds

AltitudE Recordinq Freq(ency - each ninute with int€rtediate
hexina and,/61 6ini na

Altttude Fecordinq Accuracy _ nearest 50 +t.- (1o ,neters)

Baroqram Identi4itation seriel nudber Printed at sta.t

Haximuo Recording Time - 12 hours(taPe takF-up sPoor capacitv).

Tape Suppry Capacity - ?O hours-

Power _ four AA alkaline batteries-

Battery Li+F greater than 20 hours operation aith automatic
low vol taqE Protection,

Operatinq Temperattrre - -7E to +5OC (19F to 12OF) -- Passive
ther6al en.losure evai lable for
e:trene Eol d operati on.

Engine OperatiDn Recording - start and EtoP to nearest Binute
and run duration to O, 1 oinutes-

Searlnq - electroni. and conventional wire and tead teal.

Case - Aluninuo alloy Bith whitE +us€d epoxy coatinq.

Size and $eight - ? X A-J/4 X 6-114 incheq and 25 oz.

,calEAgg I_o! !E

Resol uti on - 2 degrte-

Hea.ling fieasurenent Frequency - once every 6 seconds-

Daftpi n9 - Eddy current

OpE.atinq Tenperature - -?oc to +soc (4F to 12OF).

si:e - l_l/2 X 2-l/4 X 3-1/4 inches-

l,leight - 5 oz.


