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1 SYSTEM AND METHOD TO USE PROPELLERS AND ELECTRI C

MOTORS TO MEASURE THE PONER PRODUCED BY | NTERNAL

COVBUSTI ON ENA NES 5 FI ELD OF | NVENTI ON Enbodi nment s

of the present invention provide systens and net hods

using propellers and electric notors to neasure the

power and efficiency of internal conbustion engines.

10 BACKGROUND Mbdel airplane internal conbustion

engi nes are advant ageous for use as powerplants in
SYSTEMAND METHGQD T biSH PROPEALERSIANDIELEGERIC MEOIWORS TO
MEASURFWEHE IROWER/BROEBICGED B YANTERNAL SQMBUSTICRN ENGINES

engi neering tasks in the devel opnment of UAVs, based

on specific performance and operati onal

requi renents, may require know edge of the power and
FIELBfORF BN\ {IQMhar act eri stics of the engine as a

function of the shaft revolutions per mnute (rpm

and throttle setting. For exanple, when selecting or
Embeginiegtsi 9§ Weppeyrent dpveniiong prayide |Sdaiemﬁat?@domeﬂa?ﬁ¥ using
propdiRpdi 'a'ﬂ@ SIMAERE) mbidYs t8NRelB N e Vhe NodviercB8¢ lefididHcyt Blelnternal

power 20 required by the aerodynam c design of the
combyisBRRPIEPSYs within the shaft power available from

the engine. Other exanples are the selection of an

ine operating point for optiml endurance of the

BAC % Lﬁﬂa/or t he devel opnent of conputer nodels of the

engi ne for flight sinulators. 25 Unfortunat eI y,

ormapce characteristic_in

Moddl iR RIS ah G R SAIBES A BN BT RACT e qouplants in
Unmdreed. Aemlplevahmlag (0ANERHSe idtreirhessg ff-thpeabelf |aemtabd1tysand low

fr e t [ [
cost. en(gerﬂﬁe % aéggnn Easﬁg ’|ﬁat%18 ﬁ?é?/%%ﬁngﬁfto* Qﬂz?v %a%XS‘ A Q gcmc
perfopoanee qmormmmnbyraqheemﬁgs nsay Temlire édnpwmdgetof/ thesf p@\mrsand
efﬂméf*@k#ﬁarjaéte A28 o PO dfine 9§a'f+nc£f§r¥ of MRIHER @\/oﬁﬁlﬁﬁégé\' minute

ura ion for t e propul sion system(

(Fpm)eafidaﬁbmﬁi%$?i@9 f bel exsonme. whanesadealing o1 ﬁﬁ@ﬁnfn@ﬁoofypeller for a
Vemaem rake waﬁmancﬂng? \Wep B oﬁmmlsﬁ Qb dnBek HAY the power

bei ng devel oped.” Hence t power "and efficiency
requited iybe apfosiynaric sfesignof é'?‘FgPrr?ée"?é dwithin the staft %H"‘f‘?é @vglpble
from RASKIRTE Wither examples are the selection of an engine operating point for
optimal endurance of the UAV, and/or the development of computer models of the

engine for flight simulators.

Unfortunately, performance characteristic information for the engines is not availabie in
the engine literature (e.g. operating manuals, brochures, specifications from the supplier
etc.). Specifications of available engine power, if any, are limited to only the maximum
power produced by the engine. The reliability of this value is questionable, as it may
assume a certain configuration for the propuision system (e.g. type of exhaust pipe, fuel
mixture composition, etc.), which may not be suitable or optimal for the UAV being
developed. Hence the power and efficiency characteristics of the engine need to be

obtained by measurement.
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2 Current techniques for measuring engi ne power

i nvol ve using instrunents such as dynanoneters and

| oad cells. These techni ques involve placing the
instrunment for neasuring power on the sane test

stand as the engine. But these engines, especially
smal | single-cylinder types, produce vibrations that
may damage the test instryments or, 5 at best, cause

i naccuracies in the measurenents. It woul d therefore

Curre?ﬁ técfﬁ)fq%@g fbm{e%yﬁlﬁ@nendﬂe bBgeifvolvd BirgyBbRihans such as

coul d - devel oped to overcone one or nore of

dyna[np@etfg iapf e'ﬁ%q é’§"9(:l1fl'\§§e é%@\ﬂ&”eiO”Wan dhe instyaent for
meaé@lﬁné Bewa cﬁ‘ﬁfﬁ@tsa}ﬁe\‘t@ﬁtétm EM ﬁ%'éﬂ\@ﬁlea BEEEH&@@' ef@hes especially

det erm ni nq : té‘% R
smal SauSHPORT teres, Rones bSOt ine %Hﬁrﬂ@geat Bisshbpirgpents or,

at bektOtausB éhakBurafigd Mhe dasurginbad. conpri sing the steps
of . determ ning power versus notor shaft speed

characteristics for at |east one propeller coupled to

It wolili @harefors bé hégfréatdfnpaﬂémedlr invte aktyif alsysﬁémcarﬁimethﬁdl oould be

having a simlar powe and no ar speed range
develRed by Bredirdont or B Feahé iR s digvt
connecting said propeller to an engine shaft of said
internal conbustion engine; neasuring a speed of said
: engi ne shaft at a 20 given throttle setting while
SUMBBRY propeller is connected to said internal
conmbustion -  engi ne; and using said speed neasurenent
and said power versus notor' shaft speed
One ebpacictf dhe sresendfinsatidn mreddes @ methed fph deterainnunar power

prodtR:reQ drHF ? qratké}’na? ‘?:'o%b%gﬁ’érﬂ Engink oS 052 if ebedinE Qtp?'mpéu@? for the

etermning the power versus notor shaf
eng!f@pé@jmzswoewmmw Hiej flepsral detRTERg Pﬁ\tfﬂu\fﬁe’sw%@omr shaft

spee&tcﬁﬁlsac%frlsti@mﬂe&tléég Sl Sroﬁémdugfedt@ fal rﬁotoﬁ%h@ﬁ of and
of said electric notor; and neasuring efCgower

drwerﬂ @q lﬁnreéec’fﬂ% MetediRvangsa SERiREE ROWST BHing r?@fﬂtm%fﬁéerae fange as
that d?'ti% Altdrh¥l &mibReh e ﬁ’fet cSaREAg shid ;&bb@reﬁ&i 8n engine shaft
nbodi nents, the net nma furthercLF 8 h
of Sa&’ei“é?rﬁ?'n?%btﬁ’i@”p%m}e ﬁ%ﬁ%'@@ FPeghal &g FeinsPhat at a
gwenpﬂhttrtﬂé sbiting fwiiiRgé ke psdnﬁllter @e&d&cteﬁlOtol suid iftédnar combustton
iments,. the net n’Y further . include neasu I.ng
engmg f"‘U |usf|nq)®élpa§%eed measure ent and said power vérsus motor shaft

speed characteristic of said motor to determine the power produced by said engine.

In some embodiments, the step of determining the power versus motor shaft speed
characteristics may further include the steps of: connecting said propelier to said
motor shaft of said electric motor; and measuring the power required to produce a
given motor shaft speed for a plurality of motor shaft speeds. In alternate
embodiments, the method may further include determining the power produced by

the engine for a plurality of engine shaft speeds.

In further embodiments, the method may further include measuring a fuel flow rate
for said engine for each of a plurality of propellers at a plurality of engine throttle
settings. The step of measuring the fuel flow rate may further include: measuring an

initial mass of a fuel tank supplying fuel to said engine at a first time; measuring the
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for said engine for each of a plurality of propellers
at a plurality of engine throttle settings. The step
of neasuring the fuel flow rate may further include:
measuring an initial mass of a fuel tank supplying
fuel to said engine at a first tine; nmeasuring the 3
mass of said fuel tank again after a period of tineg;

cal cul ating a change in s of said fuel tank; and

di vi ding said change in Ss by said period of tine

masd 8f S84 fidTidHk agiih Grtbuglpefib®wr & rﬂéecalcﬁrlih@ 4 updndd @whass of

rate at -the gi'ven throttle settrn

said Bishiani AR INBIS G COaMeRlRER & SHIC SPTPRPLHEY If Gremmine

smdhﬁﬁﬂ&ﬂﬁh@ﬁ The engine efficiency may be cal cul at ed
using the fornmula 77 PQ wherein 77 is said engine
efficiency, P is said power produced by said engine,

The i} fidw &aé dt fhee]ivdd ﬂthbtﬂ@fs@t,trn@,rmthﬂwé sna@ine powegmbay be used to

o 5B MR LS S BB MRl s e
B ALED Pt B o

engi ne thrott settings; and sel ecting one of sard
prodL%qubg dye neP'PRE ki arfée!tﬂ‘awr@%t aﬁ’d 888 ' Rfistaff ddpRhdiAg on a
esl re "CFi'teria may be one of a desired engine
type &b PeRQtie®r a desired 15 engi ne power. A tachoneter
may be uUsed to neasure the speed of the propeller
when connected to the engine shaft. BRI EF DESCRI PTI ON
In fu@FerTéﬂEbm{\%t@Gﬁwe?ﬁme@rmpdiamnﬁsemdum icaroeratihgranwf:frd:iency

cur 5 Bt B NG A0S BRI GBBREI o i8R0 S Fpome

| throtﬂtes@ttrhgﬁ iapd, seigctingyoref ofesaidnplwealitp of promﬂem tp. meet a desired

hth : . RSy o
e SRS b G G 0 s s ot s
engirgppawat us thorom@sr meyshe uaed th egaswer tharrperd o the REdpElier
Whaqgﬁggﬁgﬁqggﬁg ﬁhﬁg Al el ectric motor with an

propelfer "according to the present
invention; Figure 2 is a graph illustrating the power

Bmg{:eﬂ’)égé %?FWHEWI@@@V acteristics for the

ap ara lgure 1 using a nunber of different
propellers

Embodiments of the invention will be better understood and readily apparent to ong
of ordinary skill in the art from the following writien descrrptron, by way of example

only, and in conjunction with the drawings, in which:

Figure 1 is a block diagram illustrating one embodiment of an apparatus for
measuring the power and motor shaft speed generated by an electric motor with an

attached propeller according to the present invention;

Figure 2 is a graph illusirating the power versus motor shaft speed characteristics for

the apparatus of Figure 1 using a number of different propeliers;
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30 4 Figure 3 is a block diagramillustrating one
enbodi nrent of a system for neasuring the engine
shaft rotational speed and fuel flow rate of an

i nternal conbustion engine driving the propeller
used in the systemof Figures 1 and 2; 5 Figure 4a is
a graph showi ng engi ne power versus engi ne shaft
rotational speed obtained, using a plurality of
propellers at a single engine throttle setting using

Faguﬁefte is & YidcRMadrhrillgitfting bnersmBodimegusfea 4sters far gieapliing

engi.ne effi n ersu i.ne shaft
the SPGB ST ON dPALR I FPoa a5t foe ik i fn L fmbuston engine
drivirg) the prodafleofisgel iopké bestsmalf Figueesshamd@ngi ne throttl e
setting as Figure 4a using the systens of Figures 1
and 3; Figure 4c is a graph show ng engi ne power
Figuneeds iss aegrgpim ehswafgt engine pporn vespe ahgineushads rdtational speed
[ ng| t1l.e.: ti
oota eS8l oy Bt BRodelt 1 # <l priRe SbAL R ein the
Systetnhﬁeofrﬁlglafeadr@d@ed to obtain Figure 4a; Figure 4d is
a graph showi ng engine efficiency versus engi ne shaft
rotational speed for the sane throttle settings as
Figuretdpwin & araph @gpwimcengm slifigiedcyyersepenaging ghath otational speed

obtaﬁé@%@ﬂ? ke Qa?rﬁg diRafPlorbRopeligrd R tsarRd dngifle 'ﬁhrgﬂfe%e@tmg as
Is a ow chart illustrating one enbodi nent of

Figureegtenesing e pystemeoifdawes \afWstis propel | er speed
characteristics for the electric notor to determ ne
t he amount = of roduced b the nt
Flgur@oﬁ%aﬁﬁ.%ﬁp%ﬁmwg 9 endins PAVEEME S EREISF %@rﬁ rotational speed
curve'érmedlpmgalétg obbngine ttmb&mt&tmga\cmtamémbp lt‘epead_@g,aat&besblamhty
t od.to us rs and electric notors
of thrf’g% 5% 0 R ﬂcée%%?g%%p%tﬁ' ﬁ%‘gﬁgﬁdi ng i nter nal
corrbustl on engine having simlar power
Figur%g og?at qer%\'gﬁ :hré\%l d‘afg”,@%eg‘?g\?ﬁ 95?5?5 hﬂﬁe s%@#t&fl al speed
for theheamesthrottie rsettirgsdas ﬁ‘eo\lmds Fflgmrenﬂﬂatascmtalngd tﬂyerq@eamg the
pmcé}mje ﬁgg@% %tai“i‘-‘%gu.%%?bh&r connected to the electric

Figure 5 is a flow chart illustrating one embodiment of a method to use the power
versus propeller speed characteristics for the electric motor to determine the amount

of pawer produced by the internal combustion engine.

DETAILED DESCRIPTION

Embodiments of the present invention provide a system and method to use
propellers and electric motors to determine the power of a corresponding internal
combustion engine having similar power characteristics and speed ranges as the
electric motor. The embodiments provide a technique whereby the instruments and
methods for measuring the power and speed of the propelier connected to the electric

motor or internal combustion engine are separated from the engine test apparatus, and
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notor or internal conbustion engine are separated
fromthe engine test apparatus, and 5 are thus not
subjected to the high-vibration operating environnent
caused by the engine. This is an inprovenent over
prior art systens. The power of the engine may then
be determned with reference to the correspondi ng
power characteristics oth§ned fromthe neasurenents
of the electric notor. In“some enbodi nents, fuel flow

are tHRLrRS s@jecta toQks hl@h—tvhjieﬁiomo@e&ﬁhg EMgSnmEat cﬁuS@i by the engine.
Calclatedfgr the, i nter usti on

in
Tris Ko AP TRy SR AUREBE QBT Y TR BBeapey then be
deterﬁiﬁ&rdamtferrefesémcestotthe dﬁt@pﬁmdmg mwafdharacmnsi}csafotalm from the
meas'e 1 :g%nr’gﬁlg%&gnq %8 gngr 88 e eg?bg%%ér{t%qeél flow drate? at various
throttisi ddttirigs atké abussbdlatad foothe mteml borbmsbwr wnglhe r @h@eefneleﬂow
t B quk ' I r
rates. rﬁ?y}: fh?rl'i' b?%s&d gﬁté Qh{%%rech%rdc%ﬁ@té% tgg%gér{i@?'%sﬁg%m?ncy of the
internak zembistipnt mur;mwém agdtlitiamal careodimentsronuliple ogropsfiges may be
e [ t af t
SRR BB P deEh Bl s Pk 0
enbodi nent, the propeller 104 |ncludes two bl ades,

Figurlsof]'qs al%& di%gpé?%fus@r@lﬂ dé%@%rﬁﬂ&ﬁﬁﬂéh?@f bR apE)QFa'&Qé Q08 for
per m nute transducer 108 is coupl ed

meagring dh Rawer Q’Jgﬁ{‘ elepigc Mpter 0% alkpleens '*b?tew%?e%”‘é?s a drive
shafthﬁ&éH éﬁé‘@?ﬁs Qﬁattbi@:dbublé@ ﬂ@%op@tllﬁﬂ ulg.ed |byh|%@nmhem the
and e rotati n e rrve,sna
propgler 11971 HEl e e DRSPS L T (1RGD. P BabPh i Ssk Gregsused i
rotattdhit; Her &’{]ﬁk}jtb ﬂ&@) ﬁﬁy‘zs?@ctzml.ﬁé &!ﬂ)uﬂleﬂ&oﬂzhg éjrlve shafth 106. The
er ely, rotatl n t he I
wansfisech ' GeVih A pece b RRR NG Rev e R 5 fig enaine
102, pndfiad Iretatidd 4pean bk theedrivieoshidfe108.1 Wsinghthbttrah88ucets! 08, the
rotatl%agﬁ?eel? Ct rth% ng ha%t n‘ﬁoué; ﬁﬂ?agzlge %%IEUJ’G%V\SIFE&{Wbrlﬁ{él"lq&ély, the

STal® n-eng
rotating mpatd @ﬁthmmmafua(xﬁagw tzammeaetagd rynpaasuring the speed of
' [ 8 aar
e 30EL 281 Sindlch O g SRS 1607 12 e MOl e
much tiowsr wiiatiasodioant Hthe ibtaneal Cgrméé%iiqiﬁeéﬁmnénéﬂ*hr@t'%y'duced
dam?éefspoarﬁzemléﬁﬁﬁ?m%ﬁt .Eaec&}é&e@ lok @le HMLalBY 1B &8 avoided. While

propel havi ng a bl ade_ di anet er

nd
-the spiepd il thpidiveashaft Wﬁ @ame;asu@dmvﬁpnh it ifeUpdRrsioRg that other

speel QNS RENS ey Bso B8esed.opel | er 104 may be sel ected
usi ng the engine specifications, which typically

recomrend a nunber of off-the- shelf nodel air pl ane
The p:rogewérl R4SmbPbe la‘ﬁaaf%b@hélh BropBllbrRving @ bigdatipmeter and pitch
ecifications. f ?
WhICh re typically used with the lnternal combustion engine. The propelier 104 may be
selected using the engine specifications, which typically recommend a number of off-the-
shelf mode! airplane propeliers for use with the engine. For example, specifications for a
20cc engine may recommend 17x10, 18x6 and 18x8 off-the-shelf two-bladed propellers.
Any one of the recommended propellers, or other types of propellers, may be used with

the embodiments of the present invention.

One example of the transducer 108 is the Datum Electronics M420 Series of torque

fransducers. It is understood that other types of transducers may also be used.
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20cc engine may recommend 17x10, 18x6 and 18x8

of f-the-shel f two-bl aded propellers. 30 Any one of

t he reconmended propellers, or other types of
propellers, may be used with the enbodi nents of the
present invention. One exanple of the transducer 108
is the Datum El ectronics MI20 Series of torque
transducers. It is unders%god that ot her types of
transducers may al so be used. 6 By neasuring the

power produced by the notor 102 to drive the | oad

d
By s P ol e o Tt i02aRER e BE A Plgiea oy
the pmﬂeﬂér p@dl\laf a ptah&uhﬁ\dﬁﬂe ¢hafs epearh) tffara sdngbtof dovatshathapeeds
chara cteristics of t t ot

and ngqup@meér By vet® qsorgaféﬁ]%'r}%g@ tgﬁé?%gée%? ?Hh'[‘]"géﬁ@ﬂ}cs of
the r(wstee 10Ei ajuwr@ ﬁ)parﬂlcrularompellﬂjddiawenms be plotigaggraphically (see

. r f t ' :
Figurg pééein % rﬁ en él}tga% rzl?@legf.?:dﬁbg gﬂ%if%pee%%gﬂéﬁﬁ%t)gﬁmed by
varyipg d@peddeed cbﬁttolfmiyoftk@ dedoeswitaelG2. repl aced by ot her

of f-the-shel f nodel airplane 10 propellers. The

nmeasur enent of power for a range of notor shaft .
The propelier dA4Imaypls decceasively f%@ldgz&‘t othey fftherrbelh Gigsie! airplane
propéﬂ@FsS l"ﬁle'méé%reﬂbﬁ bf [deé?tfd)r%l%h?é Bﬁﬂgtoﬁ Q%&Skﬁéﬁxa‘li kpéeds, and

curv may be repeat ed each t hese

the pés:rrtfngtcrféh% ﬁewer mraﬁemr)@f §haf1\§°tﬁff%vl w@ﬂfha"agt?ué%ﬁ‘”e may

then bl fepelicRRSH dRh of Hede Bﬁ-)thélg’{eﬂf ﬁbﬁéﬂ@kerﬁfs pedousivt dﬁkkﬁ.&sed] the
the region of that typicall

propeilef?ol%m%haé'ﬁa'%et%fﬂé BitghFsdn g)e regigh 0@3?%983*&’ ‘Pe%FPF the

mterrﬂlf f:?ﬁ’nﬂ%h%h %lnf;l(rj\é\MJZ QF@d@lil% 15Fdrg§k8mpreo el ciifr—thmself two-bladed
niti used as el | er

18x8; Qi Mp%'ﬁeé g 'E?%Ee?“g%f%sv\?‘ioﬂe%q a}r%’ (F{E "t 8& eijfs gﬁé glgded

propéll@rs’dﬁth dﬂﬁzhe&rﬂmdglpblfmhess tcaitglnn@esfarmlmltﬁhd:s{)’_am@ng froohz e 12

incheg?rx%y lg%é#cgggssl\%p%tee ?é{;!é ﬁg:;que q}_g%v Hérerﬁ 5e| ﬁfda%rﬁm&g;és: ﬁﬁgﬁtches

will resulgén af witeasangd op owsssuesatd powéroend adter shafatrptaiinilal speed

c ter i
chareic?e?%ﬁcst Qﬁ(@ S éx%H % Fggsnoﬁ%]ltgﬁor‘?)iﬁggkgaoeﬂﬁave  may also
havedhremorenbr@b@des,ea@dﬁl havmmghf@rwtée@ihs pad giffesertrilade pitch
char?chérfs%'@m bl ade pitch characteristics. Figure 2
a graph, designated generally as reference
nunmeral 120, illustrating the power versus noto

Figurershowse ararsh slesigpaied aensralliae PETERosdTRIel 125, Hiysirating
the MRS Weldus MetoPBhak rdidfoktl shead Icharhcksisid carviafbrethy dictric
motogl1f0f2ecgfelfr}gt:1urgf1f uEe.lrr]fge e-s Cgll'léty porfo 1‘(i‘ee|r|er(?*ir cs>ﬂ’ th':e(—)srheﬁfhpropeliers For the
purposes of illustration, the measured power (watts) is shown on the Y-axis 122,
while the measured motor shaft rotational speed (rpm) is shown on the X-axis 124.
A power versus motor shaft rotational speed curve 126 may then be plotted, based
on the measurements obtained from the apparatus 100. As discussed above,
additional power versus motor shaft rotational speed curves 128, 130, etc. may be
plotted for a variety of off-the-shelf propellers. These curves may then be used in a
method for determining the power produced by an intemal combustion engine
according to one embodiment of the present invention. This will be discussed in

more detail below with respect to Figures 3-5.
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purposes of illustration, the measured power (watts)
is shown on the Y-axis 122, while the nmeasured notor
shaft rotational speed (rpm is shown on the X-axis
124. A power versus notor shaft rotational speed
curve 126 may then be plotted, based on the
nmeasurenents obtai ned fromthe apparatus 100. As

di scussed above, 30 additi,onal power versus notor
shaft rotational speed cu?ves 128, 130, etc. may be
plotted for a variety of off-the-shelf propellers.

Th i
The mf%?qﬂ%gégtrggg%%mgef8aﬁfegﬂle{3}gg g}g)qert wfllocfepend on the
type 6P HiIREI €dmiGRGibA engarChiationg wishent® esebo&onenample #helcc

oSS PPoRpa e bl A GEHS B R Fange o
1500mmerwalted amneemakmge speeqsorpewhere it lhe wingetaf Bl heRGm.

It is Lg‘ﬁé %’I clz HE{% p%sngm g tﬁ],g ééﬂ?@ n‘fgtgjomffsr@'tlos&?@%@é @Msimilar

o use exanple, a
poweir rEnelr mafor cspamusamgmasem@ desiradyinteig?! FRAUSTioN GHaBE, various

rano G Wb ot LR ERet] oy o st e e e Mo

thus be se@ctﬁdom.lcbttb@idhe leaitrentiang wﬁlgagasreﬂweedeioeqw pte 'Mﬁd{‘g}ma‘
oper%t%ég?%gg hOSEh c:Feﬁ’]F1 BRAVEecl tAL Bowdk anBOYREd 3BAgeMrOthe engines

. ange as the desired internal conbustion
beingtegiede, various ranges for the power and engine
speed may be used. The electric notor 102 may thus
be sel ected such that the curnﬁgt and v

Figuree3is Rekiotho diggEamtluSIRting Onfigt ‘?d'TﬁmoBe? a’s(ygﬁaﬁ rsinated
gene?éllység tdfeipBt ﬂL@néFﬁEQOD hyr pagssuriag tthe pewitha amafe speed and,
engi nes ested Fi ure 3is

optioaglygltlgﬂﬁuiel ﬂ%@tgtqgﬁg raﬁeénaéﬁs ﬁ’é‘}ﬁ erbc*ln 28& gf }é I%lven throttie
seftirdes rrg@qir@;sbnegeoarmb{/muag mﬁ:ﬁssm‘me Frgwnaenaus @@c adgain in the

ey Sl S PR B S e anc
optioRQR/ the effigengnoft thedhitehsal etibustion $h@|ngr2@§eqt|t@¢ gm@zp throttle

seth{%/e\fbousa%ellgoqgﬁss%%%n' A IEthgng 8 id chindtess i gadran o4 Bt is

et'erm ne tfe engi ne power, engine
drivesitgfthe ird¢ratl amabustipe edgingr?®2. opti onal |y the
efficiency of the internal conbustion engine 202 at
the given throttle setting. The propeller 10
A measURnguinetraNeRt 20RMeRY &8 Heed IS HEPISURANG IFRES érpfﬂb o the

propglfér\ﬁ%ﬁ AMrdr s Ldres@ kbt £ @itaHhichiz LMEHNEn40khe embodiments,
the measuring instrument 210 may be a hand-held tachometer. Other types of
measuring instruments may also be used. By using a measuring instrument that is
not physically connected to the engine, the problems associated with damage to the
measuring instrument and inaccuracies in the measurements, as discussed in the
background section, may be eliminated, since the hand-held device 210 is not
subjected fo the vibrations of the engine 202. The measured engine shaft rotational
speed is used in conjunction with the power versus motor shaft rotational speed
characteristic for the propelier 104 (previously plotted in Figure 2) to determine the
power of the internal combustion engine 202 when driving the propeller 104 at any

given throttle setting.
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A measuring instrunment 210 may be used to neasure the
speed (rpm of the propeller 104 and/or the shaft
204 at a given throttle setting. In sone enbodi nents,
t he nmeasuring instrument 210 may be a hand- hel d
tachonmeter. Other types of 25 neasuring instrunents
may al so be used. By using a nmeasuring instrunent
that is not physically cgnnected to the engine, the
probl ens associated with &%nage to the neasuring
instrument and i naccuracies in the neasurenents, as

in sdﬂﬁé%ﬁ%éﬂsttlil‘ethebﬁﬁalé%pMnﬁﬁﬁtﬂh@nbesﬂﬁystém 200 may also
elimnated, sincet hand- hel d deYI ce 210 i s R e 229,

includg, gj sapaEste tfiel Rk 228 (Figusn ) drattin Pasgi ok 2 2H99Nt$Ra
The BERRIPOGHABE iR hdktedgiicaa0DRRl a B2 s.w@eml Sl'héslﬁightrscale

conjunction wt Wer ver sus_not or
222 FpuiPe e Marsel MErePRLTER, St T PRI Ab U BBPyTee enaine
speed @hd (@Vepvthaitd sethgbiead fime Pegod eeé2burted byat elrohoreeten 226,

s Gl b AL EROPU O ELAS 207 M re

physiealiyt lcamerﬁed ko tise magimebh2ER, nanmt sre)thusheoqoabés!mof damage or

nven n
meas P Boprilpiod, FRbortl By BIITRREE Y s, A3 Hittiscl below
with referghte s Bigare®22-5, thihimeanka2eempnioviy &s qsgéuo tcgloplqa@e the
[ [ f e
fuet G35 E €F Fo Efigle 480 oL I rRCurcl ) B0 REST g gver
throttiet settred. neasur ed engi ne speed and given throttle
setting over a tine period neasured by a chrononeter
226, such as, but not limted to a stopwatch,

The
Figurerds isuanemarh, Zizsigaated gemesally Wigh refprepes @ame;ﬁw&né@ﬁﬁaﬂng
one é)%rﬁrné o B ANerAefs usPEhifd 8hafh WstalisHal @beéd Sifrv@ffordﬂlm@;lne

measur enent i naccuraci es cause% ?‘%2 %E gpg d th
202. vuTB? SARTh400 ghows d¢ €89 RAVRY (HGH PBf1BE Jgdst gnd the
engirfd Q’safe@taﬁroﬁai §ﬁée§l ¢¢m4maﬁ i€ Xeadis. MRye bewéSﬁnd)dt;oed by the
cal gtethe flow. r

enainghral it BESeHEH seoeh e R EMERRIPGR GBS Ty Fsorded
as a 8etatgong 4061 gure 4a is a graph, designated generally
with reference nuneral 400, illustrating 15 one
exanpl e of a power versus engine shaft rotational
The spegand dimemeasurenenen gogether2@ith thﬁwegipagh degmirtesvengine

powetrh%aerb%' Q%cf%v\@ !a{lé‘\@tth )eﬁdb(?& fttﬁ§ eXS é'foz %Wetnli@asured
engl ona spee 4

enginég ahafs spehd q]m;gweprtbmjtt@@eﬁmgt h&ne method of determining the

efficiency of the engine 202 may include using the weight scale 222 to measure the

mass of the fuel tank 220 at a first time and again at a later fime. The elapsed fime

may be measured using the chronometer 226. The fuel flow rate may then be

calculated using Equation 1 below:

tank (1 )
At

mf=

where 7z, is the fuel fiow rate calculated by dividing the change in mass of the fuel tank

220 Am, , , by the elapsed time Az.
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engi ne 202 at the neasured speed and the given

throttle setting nmay be recorded as a data point

406. 20 The nass and tine nmeasurenments, together with
the previously determ ned engine power, nay be used

to calculate the efficiency of the engine 202 at the
measured engine shaft speed and given throttle
setting. One nethod of detgerm ning the efficiency of

t he engi ne 202 may include using the weight scale 222

The éfficieBas of ¢hd bagias 20@sst the mbasdrad|enginsksiEfospaedaand given

moiemap _ |
ot grbing o 58 el D The Bab AL BRPE: ot er 226, The

fuel flowrate may then be cal cul ated using Equation
1 below. M = drank (1]) f At 30 where 7hf is the fuel
flow rate cal cul ayed- di viding the change in mass (2)
of the fuel tank 22Z®%Aln k , by the el apsed tine At.
9 The efficiency of the engine 202 at the nmeasured
engi ne shaft speed and given throttle setting may be
wher§ @) eaprédenih thei efficidray adf it edgibe 202 PPis(tB praviously ¢at@nfined
5 where 17 represents the efficiency of the engine
poweP p@dued sy theenpine\208u g, yis tha brtiaedte gigates ity Eayption 1
by the engine 202, thf is the fuel flo r?t .
above En D e RAAIRG VEAa RGN Per B Eess ey Ty bppg used. For
heat i n al,ue,. ar gy per unit mass of the fuel
any %"?M’@Degogi%?l’ éd?%cgﬁéls'éjti veg type of fuel, Qis a
constant. 10 Figure 4b is a graph, designated

F—'igurgeezlnbeirs%I én)épw,i égsiggneaftgé Sgr?eeraﬁ]yuﬁﬁl'ﬁ %lafeée%ge nﬁn\%ﬂl%of Qﬁowing the
engine efficiency (%) 452 on the Y-axis, and the engine shaft rotational speed (rpm)
454 on the X-axis. The efficiency produced by the engine 202 at the measured
engine shaft rotational speed and the given throttle setting may be recorded as a
data point 456.

The method, using one propelier at a given throttle setting to obtain the data points
406 in Figure 4a and 456 in Figure 4b, may be repeated at the same throttle setting
using the plurality of off-the-shelf propellers 104, with the power versus motor shaft
rotational speed characteristics shown in Figure 2, to obtain additional data points
408 and 410 in Figure 4a. Similarly, additional data points 458 and 460 may be
generated for the efficiency curve reflected in Figure 4b. This results in the engine
power versus engine shaft rotational speed characteristic curve 412, and engine
efficiency versus engine shaft rotational speed characteristic curve 462 at the given

throttle setting.

The method, using a plurality of propellers at a given throttie setfing to obtain the
engine power characteristic curve 412 in Figure 4a, and the engine efficiency
characteristic curve 482 in Figure 4b, may be repeated at a plurality of throttle
settings to obtain additional engine power versus engine shaft rotational speed

characteristic curves 414 and 416 in Figure 4c¢, and additional engine efficiency
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engi ne efficiency (%9 452 on the Y-axis, and the
engi ne shaft rotational speed (rpm 454 on the
X-axis. The efficiency produced by the engine 202 at
the neasured engine shaft rotational speed and the
given throttle setting may be recorded as a 15 data
poi nt 456. The nethod, using one propeller at a given
throttle setting to obtalq the data points 406 in
Figure 4a and 456 in Flgurg 4b, may be repeated at
\,e,-sdsfré? tmh Frreatibha sﬁ)lgléa |cngf8tmst'tgcmrhes pb4nad 46§ iroFigure 4d.
0 e- she rope rs 4, with t Wer versus
This 'ﬁﬁ?%?'"ﬁ?ﬁg(m?'@&r@ Bt P %réqmeSB%\gﬁr A fﬁ%?ﬁc i stics shown
in Figure 2, to obtain additional data points 408

it is HB&%&’OHS agﬁg‘%rﬂ%ﬁd'%gvessgn})ularét% b%dgé44r8@9| ué:’ﬁé Fhe engine

gener at e
poweefahd Chentyed afficencg bb eieseubadnabhvgu rFepr @Sam]ilﬂ & pRLR]|vessus

enaigSiAIE (AT PROICEIE oBLR UG RAR TG LAPbHARALr ot 2

curve 4 engl ne
phxamjtﬁﬂvemeyeﬁmgsus engi ne shaft rotational speed
characteristic curve 462 at the given 25 throttle
setting. The nethod, using a plurality of propel | ers
Figurat5 shes @nflavh coert lilisyating Ape oNRISIBER 97 Mes rﬂ?s'gna"ed

genefi Eé?%r?cg Rirh&tal 90@ Wb Re4he grdbhH AMicedeédérmifd thd Bount

engi ne I Cl enc characteristic ve 462 jn Fi
of powBr PregiiCerbby welaéé@p@pr@umn %nsﬂe%ﬁ@# b??ﬁdo?ft% spgad of the
eng.r%eétfénfﬂggzrt] t %@th@hé’{éeﬂdébdvleoﬂﬁbom@gérﬁl&ocﬁmmﬁ e speed of the
e sha rotation ee acteristi.c cury
engine1shat O 1 e AISGRPORY. MERGUTIIE, GHriaePagfia SHEYE Bt the
propdifef Hohency 10 versus engine shaft rotational speed
characteristic curves 464 and 466 in Figure 4d. This

results in performance maps of engine power and
With erfefarém@w Flbtxreiss1uand:l§r25ttbledn‘teﬂimd &0Pf iecledes curfiysisstep of

b t Lpa:
i, G SR o o
prop@beam}ﬁMedrl\mnpbwam glecisiosmondiOgehavig 8 sitilat pewal rating and
motor spggd %ﬂq\/et(%g %#gtd%k{ﬁ gﬁt@ﬂa@%@%bﬁj@forﬁ@ﬁ@n@ r2@@ela§ eshoﬂh with

ur al roftle settings. ur e sh
referélhcm/\nwhanal 5021 (Eter aextrsgemﬁewewﬁemonem the paon?él?haa“ to the

lnterr%%oﬁﬂﬂsﬁ&w ﬁgm %‘%f %lsls)ho% Wi e5eRGRe Wrél' 5 0;Thé hext
t0 deternine the anoun
step (ST By he REoThOLHRRATHBOAE P SEAGINRD Doiagetige. as
showtwit fereReRE RimdrBes06. This is accomplished by using the measuring
instrurent 210 to measure the speed of the propeller 104, as discussed above with
reference to Figure 3. The final step in the method 500 is fo use the engine shaft
speed measurement and the power versus motor shaft speed characteristic of the
motor 102 to determine the power produced by the engine 202 at the given throttie
setting, as shown with reference numeral 508. This is discussed above with
reference to Figures 2, 4a, and 4c. In some embodiments of the method 500,
additional optional steps to determine, for exampie, the efficiency of the engine, may

be included. This will be discussed in more detail below.

The first step 502 may be carried out as discussed above with reference to Figures
1 and 2. With reference to step 506, the speed of the engine shaft 204 connected to
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engi ne shaft 204. As discussed above, in s

enbodi nents, the speed of the enginé shaf?n§O4 may
be neasured by neasuring the correspondi ng speed of
the propeller 104. 15 Wth reference to Figures 1
and 2, the nmethod 500 includes a first step of
determ ning power versus notor shaft speed
characteristics for at |egst one propeller 104
driven by an electric notor 102 having a simlar

the ergMEEZ0X by BE demetmimat oy using 8P MNEAB ir@smﬁtﬂémef&fzqtohéuch as

internal combust | j :
a hangdeld @b%mﬁ{%%eﬁpaﬁnggﬁggqq%got%%alg géd‘QZWthe\é\prbEeI% 104. As
e pGsITeQLiréhio presipet g0 £ngnelTiEor SR SRET (Yl Y RseT

104 a0 Sieffeq TNIING Yeblic RioRirenos. misBnmBNAY May be

) measure the speed of th [
extragiietbd (04 imterre! gombnstmrwnee?@eﬁ\r"ﬁ‘g, ag 62%'033 with

reference nuneral 506. This is acconplished b [
the neasurin i nst oy Y end o
In sombengelenter he0astad PIEas SRRV B e, B, Fe Cated
powerég{)ﬁlé%@ﬁ‘et SoF a6t prbbelidrifomthesingine. nTheheslagticndgnay be
! I's to use the engine shaft 3 qlgﬁaéMﬁqg?gﬁ-a@Qoz
ased, Hy waek exAsRg $n fimdgtgn. ngaeegsq%har neteri sticof
whenéc%glljnﬁgﬁ:\% %o%étﬁ%{ Ef)a ¢Rle® rthidﬁt& sétiing olneatigrpate prakpdipeptfethe
_ e given throt it,d j
seleciit M3y SR RERS M ALREVED 258 HE et g ot ot <2nee
with reference to Figures 2, 4a, and 4c. In sone

enmbodi nents. of_ the Cy )
i nSrpser P serirnd i 8 S i oneu o e
prodlitlc%@ wpgbrw];gmafx%z foe & plotalityeef prapgliersyl P4 P& @pgﬁﬁysgfeed'lgine
| Qw...T. i1
onat A D Al HFL T B ene SRy e,
Figures 1 and 2. Wth reference to step 506, the

speed of he . i , .
As d. af.ﬂeéio EBcEvem@ '%)'g{bg gﬁ?@nﬁwhﬁg& 0§F/ Qﬁfﬁé@\l’; témye])ﬂlon,t i_heorder to
seledtizs propatart op 1@, ergion 283, the rﬁg%ggﬁg%ﬁ}cgucdﬁooﬁ?é#éb%gs well.
For %r)%gﬁpg%,ea& Qﬁcfeﬂk?i)’réﬁl@led&ﬂelﬂd i rrizh eombogptin engin® 202 fgsed

Wer r d :
R er i ve o
flow gﬁﬂggﬁaa&gﬁg'trgﬁh{é Felght @Eal20222 hhi shioviooraten 2%h Mmay ke be
calcdgteﬂeﬂih% fuel flow ra?teto the Qrtlge”[‘é] ?Aaycb%gagﬁrga L0 fan2rie the

engine shaft speed measurements are being made. Using the power produced by

the engine from step 508, and the measured fuel flow rate, the efficiency of the
engine 202 may be calculated, as discussed above with reference to Figures 4a-4d.
Steps 504, 506 and 508 may be repeated using a pluraiity of propellers at the given
throttie setting to obtain the engine power and efficiency characteristic curves for the
given throttle setting as shown in Figures 4a and 4b respectively. Additional
calculations may be done using the plurality of propellers at a plurality of throttie
settings to obtain the engine power and efficiency characteristic curves for the
plurality of throttle settings as shown in Figures 4c and 4d respectively, and as

discussed with reference to step 510 above.
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I'n sone enbodi ments, the method 500 na [

i ncl ude using the cal cul ated power of yt ggt Ieggialnleymz
to select a propeller for the engine. The sel ection
may be based, by way of exanple and not limtation
on a desired efficiency for engine 202 10 when ’
driving the propeller at a given throttle setting. In
al ternate enbodi nents, theg selection nay be based on

a desired .
o el SEAL S ST BVl O 5 BV LIS, A Ve
gener?e«% t# %%ie%fa L)f; Hhﬁ&r‘nn@eéigpﬁ a pé?w@élier Iﬂ:frmiu eindd yeonmheis ey ERgine

uralit

dependihgemga d@swegg;n@ﬁlgf tF%ﬁé {,l]'llger{l%p%#) ?ﬂfou%tfo he! éé‘e%hbﬂ ¥f a

| ngs,
propet?J?QPMi r?‘\é\ﬁv‘idésgaetﬁ&f iref eaginy @Tc&inc;’é tGer aAgvati mg@'weab%wjarly
the mgthg@ @lews fos é*l‘flégggé%ﬁ?%ﬁei)‘]ogg ?oe R% QYiSQiFéd%bwér r?fat;nrg]; The

een

practxégﬁtsﬂglﬁi]ﬂcm of Bkl effieichey mittﬁepapmtsatms is t%atp:by s@g@{w@aeﬂlght
opera%pq@l 5 I@%nc f O%@C%%m?ly Bgﬁ elffme?lﬁﬂ %lpd ‘H@Q‘BMﬁé la@Fopelier to

ne
be ae?@o@ﬁ%%dll)byfﬁblbﬂ ﬂtewamopengtlngnmlmt@fgﬁqpegilgd flgﬁacqrﬁiéttons the

r at e wei ght scale 222 d

e“duréﬂ%‘?fé‘?ﬁaﬁ& g’e pﬁ%%%iﬁqn&%aéegcal cul ated. The fuelan

fI ow rate of the engine nay be neasured at the sane
e 5ty A5, SAEI3 A0 BRAn oemRy o ger e
prior SHEPAS@E; temhdiqubenylves Heing f%ne?'ew '60&7‘?*8% 8‘9 C?rHEaraB@ power

ans G561 AL o e OB iobe sl ot
propStiop syS@) t Oeplasr| aB0BIHHNY Ee‘"P%IFﬁQQ}ngS{‘ eﬁgmédsystem in a
UAV% ﬁcﬁ) ht ¥h8fim Pﬁ&ﬂ%’n' iRltfe dhsé b8 \JIOLe DAVSHs dbe linsorporation of

t b
percithad-gtare rcggglpibt%nuqas%, ég\h?eg ?nt 8%{}%%%8 &l He%e%%@bﬁc motors

sett
can s dv§| WA dnarfd SEifeRsotdi vﬁlhduﬂﬂherr@eﬂé@texﬁmhyi starters. 'ng
tironal calculations may be done using the
p' urality of propellers at a plurality of throttle 30
As e%%gﬂr:;g@r?&st !%v@b'hﬁttrﬂlotmbe vierajion éevetaaban emalqomiugiiny engines.
e e iy P 1 St
v.braa&ﬁimaaceddinaemm@b Wi the medremendst d hetaY 5@63%‘8\)8%/‘*”""9”

usedotp @ﬁgdlrﬂgtlogg{)\g?rl g?tﬁ%%@&{éﬁ%g@?ﬁ‘geﬁrﬂsg@éﬁ AQEhei‘él& s engine

1nvol$@i mhls&tageumtadrandemegns npt gpl@jg@gqi toythe ppt 5piaqu2]?g}aﬁlg§ effecis

of hlgh gf?glfr?et v18rat1§mg' ne

Similarly, the measuring instruments used during operation of the internal combustion
engine (hand-held tachometer, chronometer and weight balance) are not subjected to
the potentially damaging effects of high engine vibration, as they are not physically
connected to the engine. Using the apparatus 100 and system 200, and applying the
method 500, power characteristics can now be measured without risk of damage to the
measuring equipment, or measurement inaccuracies caused by high vibrations
associated with the internal combustion engine. Simplicity is another feature of the
technique, as it eliminates the need for special considerations (e.g. structural) related fo

engine vibrations in the design of test benches.




depending on a desired criteria. For exanple, the

nmet hod allows for the selection of a propeller that
provi des a desired engi ne efficiency over a given
power range. Simlarly, 5 the nmethod allows for the
selection of a propeller to have a desired power
rating. The practical significance of engine
efficiency in UAV applicajions is that, by selecting
a flight operating point of the engine in the region
of high efficiency, and designing a propeller to be

.aerod I tihd Ig,at thapPRliradiony vpdations cand/or
It will B5e28 ?cé%bg %k’ %tpg{:sfghﬁkﬁllegng t . endLljJr ce of fhe pecific
modifititns amakp ebe d'ﬂ@dﬁ ital thg PWé?'@a%ﬂ”t‘(’fo aEn%boa" hEht's® ot
emboélm%n{geﬁlm%t ‘rye ?JTIQ? Qt%n@*?rfé’ SpiRf BV setpeset mealhvatﬁoarﬁsa@fegdly

the tech
describad. eTP@cmreisegﬂt :qzmb@pimzﬁnt%@'ﬁ,ptgieeaesgré ol%gﬁ?on's'&\égedvﬁ%ll YSddadts to

beﬂh%?ﬁugaﬁﬁ%@ge&ﬁ&g@ to the engine, the capability to
n an electric notor propul sion systemto
replace an exi sting internal -conbustion engi ne system
in a 15 UAV is proven. The inplication in the case of
VTCL UAVs is the incorporation of perch-and-stare
capabilities as, unlike internal-conbustion engines,
el ectric notors can be switched on and off renotely
wi t hout the need for external starters. As electric
notors have nmuch | ower vibration |evels than
i nternal -conbustion engines, 20 there is little risk
of damage to the power and rpmtransducer. There is
also little risk of vibration-induced inaccuracies
in the neasurenents. The only measuring instrunent
used to record notor power is the power and rpm
transducer. As there is no engine involved at this
stage, the transducer is not subjected to the
potentially damagi ng effects of high engine
vibration. 25 Simlarly, the neasuring instrunents
used during operation of the internal conbustion
engi ne (hand-hel d tachoneter, chrononeter and wei ght
bal ance) are not subjected to the potentially
damagi ng effects of high engine vibration, as they
are not physically connected to the engine. Using
t he apparatus 100 and system 200, and applying the 30
nmet hod 500, power characteristics can now be neasured
wi t hout risk of damage to the neasuring equi pnent,
or measurenent inaccuracies caused by high vibrations
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associated with the internal conbustion engine.
Sinplicity is another feature of the technique, as
it elimnates the need for special considerations
(e.g. structural) related to engine vibrations in
the design of test ‘benches. 13 It will be
appreci ated by a person skilled in the art that
nunerous variations and/ of4 nodifications nmay be made
to the present invention as shown in the specific
CcLAI@Bbodi nents wi thout departing fromthe spirit or
scope of the invention as broadly 5 described. The
: present enbodi ments are, therefore, to be considered.
1. i A rabihod dsnisterminiog aeowariiedycsdibye BERINAFombustion engine

restrictive, . Lemofehe It stepgoRn
for uop e B e e e - Lo e
usletermirirg POYETNEreLDIMOHE| ShEft %P&Pdtoﬁéraé%ﬁsﬂ‘gs, qRe'eas

.prope@g% gcgﬂsjpi&ﬁa 0P e hgtfg(t)rt b bERRd Hrive® bty edre efdctricngopovieving a

notor s speed characteristics for at_ legsl

similasrgowesr raping |aad BetRs| eSO AGE sl G t'”g‘?m%n%d fion
engingri ven by an electric notor having a simlar power

rating and notor speed range as_that of. t Lot fi

c oatnesting rsaick mgpRRier é‘brﬁﬁb@ﬂ?‘ﬁﬁ ¥ d%rg%’ge{?'?%b&t gang@js on
engin%ngi ne shaft of said internal conmbustion 10 engi ne;
: measuring a speed of said engjin te Al iR hile said

t Inessuiried sePerd §f RRId U ah%?tg%é_ﬁ%r"h'?’gﬂei%%{ﬁ e sa
propdifer RicRnbAk& KNgkid aneiiabtormbustiogiengineamttl usi ng sai d

speed neasurenent and sai d r t d
Shebg o apast crrasrang e SAR potfErere O Rfor kAl spee

charR@RKic Bf 8414 ertorty deserohirentierrower Braducet BY §aICHEYING
- claim1l, wherein the step of determ ning the power
‘versus nmotor shaft speed characteristics further.
5 COTR neEmdt dfectaitre ps wikreit dnm stan AlgdeaMAINRSoHE| e Vrsus
saj d. notor ,shaft . ' £ d CinBRtE ofand
momﬁﬁa'é\%b?'?er’?& clj‘ﬁléa%ﬁ%%se?‘%s ﬁg{c?%lr ?é@ﬁfl%éﬁi'\ oduéc% a_gi ven mf or
s hmhhectjpeesaid mropaller to said motor sha of said electric motor; an

measuring the power required to produce a given motor shaft spegd for a

plurality of motor shaft speeds.

-3 The method of claims 1 or 2, further comprising detgrmining the power

produced by said engine for a pIUrality of engine shaft speeds.

4. | The .meihéd of any one of the previous claims, further comprising measuring
a fuel flow rate for said engine for each of a piurality of propellers at a plurality o_f

engine throttle settings.

5. The method of claim 4, wherein the step of measuring said fuel flow rate

further comprises: . | |
measuring an initial mass of a fuel tank supplying fuei o said engine ata first
fime;
measuring the mass of said fuel tank again after a period of fime;

calculating a change in mass of said fuel tank; and
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20 plurality of notor shaft speeds. 3. The nethod of
clainms 1 or 2, further conprising determ ning the
power produced by said engine for a plurality of
engi ne shaft speeds. 25 4. The nmethod of any one of
the previous clains, further conprising nmeasuring a
fuel flowrate for said engine for each of a
plurality of propellers atjza plurality of engine
throttle settings. 5. The nethod of claim4, wherei
t hlividing paif chermeuni Mass by ¢aiduperiod ofiiinadte detming ??1% fuel
ﬂmwﬁﬁgprlses measuring an initial mass of a fuel tank
supplying fuel to said engine at a first tinmne;
neasurlng the nass of said fuel tank again after a

6. h: Oﬁxeﬂi od bf'TE:aum§ al gubaljnHaekiR sséitan@e floW FERS Sat afaids #irdttle
tan 1 di viding sajd ch

gl afgge Infc:r @ nélne
settzng@rui q@écfefamn%mweh%rett@eaé@ ERIRHIAE ALFTHCPR TOT PRIE\T

rate. 6. The nmethod of clains 4 or 5, wherein said

fuel flowrate at said throttle setti ng and [
7. erigeieeiader ciaig 6, 80819 52 @ﬂ%%%?{‘%f'? %‘C%'ﬁ'&%sq“rg the

said engine. 7. The nethod of claim®6, wherein said

form@aginre—eff, ivtieeeiny; iiss said lepging tedigiensy. rPg*Stq?éi PPWE RIPduced by

r7 P mf@hereln 77 is said engine efficiency, Pis

said %qu P 3fewg rs]afc)i ofo\lﬂ,ell#got%tpra? A dnd%ﬁ i %@ﬁéi’arﬁ '&Eé}% CFd' brmafty[ﬁesof fuel

constant dependi hg on

bﬂ"ébéﬁpe of fuel 10 being used 8 The nethod of claim
urther conprising: calculating an efficiency

curve for a plurality of propellers at a plurality of

s, ef’q@ieﬂﬁetﬁeafo?clapﬁe?dﬁmedc&ﬂ mga@throttle settings; and

15 sel ecting one of said ural it el | ,
S ersiot A eeaney sime 15, 5 el s SGRE HF g o
engint &= dpesad Qn&ieﬁg;h@dhroﬁra dettirigs; &isd one of a desired

ens%llenc(telnge Hula (c:nl‘ garlllg%lurallty oggl%p{eﬁers%] l%ee\(.3 a B3Y criteria.

9. The method of claim 8, wherein said desired criteria is one of a desired

engine efficiency or a desired engine power.

10. = The method of any one of the previous claims, wherein a tachometer is used

to measure a speed of said propeller when connected to said engine shaft.
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20 10. The method of any one of the previous clains,
wherein a tachoneter is used to neasure a speed of
sai d propeller when connected to said engine shaft.
25 SYSTEM AND METHOD TO USE PROPELLERS AND ELECTRI C
MOTORS TO MEASURE THE POWNER PRODUCED BY | NTERNAL
COMBUSTI ON ENA NES  ABSTRACT A net hod for
deternining a power produaed by a internal conbustion

engine for use in deS| nin /selectln
svg D TLSETRORELLEfS M%@%;%gﬁg GRS TO
ME@@%WH%%MRQBP%& By INFERN INES
characteristics for at |east one propeller coupled
ABSTRABT el ectric notor having a simlar power rating

d ot d t hat
A MR I BB HEOREIMRALTIcY 2 dreral epap PR pRoios Ty use
in des;@hmgﬁalecn%r’a ll[b‘ﬁdpem@r fon ?’Id@iglmmaﬁmma@dmmmsmmhe siipg of:
er Il e con ec e a
dote BRSPS aFG RGOS HiTs apae el e TS or gt foagt one
propsligr doypnedto av elestic rpmtophda\hmgj amm rolver safingrarsitretonspeed
Ll.er tg .
oo 3o P ol BTSSR RRLSERRY o i
interrzat dombgstive ergfirié; cneascyingayspsied @f bendcmpmlleatn@de cafpgected to
said | nl?grﬁg &h&l&t@b C%&Ewegsﬁgmb QAP SHEY AfeEGienidi® and said power

prop e
versus propeller speed characteristic of said propeller to determine the power

produced by said engine. In some embodiments, a fuel flow rate and engine
efficiency may also be calculated, and these calculations used to design/select the

propeller.

FIGURE 5



