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Analysin, design, end Isbrication of a prograwasd~tleotilis
zapbrol aysbem for & pulss-jed wlicopler are cowpleted. Fiight
bopbs ars neb within the ssops of the yresent contract az smendsd.
Grelic Fuwel injection as & feans Tor winlwlzing rotor shalking Jovses
during forward flight is desmsd not to offer improvementa which would
warrant the susplexitiss involwed.
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INTRODYUCTION

This progress rsport, which covers the fourth through the
atghth guartsrly mringg describes work performed under Items 1{d)
and 1{e) of U. 8. Aly Poroe Gonbrast Mo, AP 33{800)-58%0 Supplement
Hoo 4. Thuos itaeme cover the development of a hasle powsr control
systen Sor pulee-jst powered helicopters and the inveabigstion of
cyalic fusl dnjection as = mesns of reducling rotor ire-plans vibra-
tion and torque variablon.

DPuring the pericd, (15 April 1953 to 15 July 1954) covered
by this raport, the subject contract has been swended to r@dme the
geops of the powver conbrol ltems, with corpesponding lncresses in
smphasis helng glven to the dovelopment of pulss-jst engine compo-
nenie. Speeifically, the ground and £1light tests of the bsslc cone
trol systam were deletsd; ap were design, febrication and tesiing
of the ¢gyelic control systen, Work on the remining program has
been serrisd cut ab low prioviiy, with bobh sxpenditures ood sceor
pliskmenta during the past 1% meubhe being approximstely squivalend
to thab reporbed durdng each of the previous gusrberly pariods,

The Yivst repoct of this serdiss, Baforesice 1, contalne
general discuseicon of puseible power confrel configurstions for pulsse
Jo% helisopiars without refevencs to 8 spaeific model. On the bwsis
of that discussion, it 1s concluded that soms form of progromesd
tiobblin actuabion with ocollestive piteh changs {with the posasilble
incluslon of a simple governor sz a trimusr) le the most stiractlve

ﬂibﬁ&i'&vyo .

. In the sscond vepoet of the serles, I Refersnce 2, soro-
dyudals angd powss pleat r:{z‘s'f’m mavies drbs for 4 Lypleal pulse~jet
mrepsiisd amemw gre spessnbed snd cosbined into level $light
syeilivrdum ehards. 4 fosl flow v, scllactive pitch echednls is
dopived from these ohsrts snd & detalled Pusl syetem is proposed to
fwplonert this schsduls.

In the third report, Saferense 3; fusl aysten rsspomse

mm apd robor syshem Lnaptda eoffecta are predentsd fer & typloal

pules-ies heliscpbar, Calowletions relsting to & progremmed-throbble
Ype power eopbrol erelen ers eonddimand Yo sover stesdy-siabe cpera~
tion over the witdre helisopter Ilight vangs as well as dynasie per-
Lopmange during tee tpnlesl smnsuvers. The ewpellent results chbained
wikh the B amming conbrol In these studles indicats the desir-
abilidy of f3s conbimved devslommat,

The peoswt caport deveribes sdditional swaluabion of the
wrograg@sd-throtile speten inoludive design, fabrisation snd limited
vanch besbting of the astusl scosponents,

 BAHAATTAN SEALH, GAMISOERMIA v LOkTs WEBA, EALISRAMIK o«
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DISCUSSION

The fellowing discussion 1o organised aacoerding to sub-
ezt matter rather than according to quarterly period during which
the work was essompliished. However, & chronolagical sumeary ia.
preserded in Tables I whdch showe the distribubion of work batwaeh
tha various periods, .

3.3 Fuel Systen Hgsponss Rets

Calouiations veporied in Reference 2 indiecate thabt the fuel
system lag divectly atiributeble to the cavitating~rador type system
of the IH-26 heliccpter might be approximetely 2.0 seconds. Teshs
on the XH-2H, reparted in Refsrence 3, show coversll fusl system rs-
spense timss which are also about 1.53-2.0 ssconds; however; the
closs correlation suggested by the mumbars is not supported by study
of the calenlabted snd scsvual tdme hlstories. Tha caloalated robor
fuel line response of Referaics 2, Figurs 12, indicabes 8 rapid
change of aengine fuel flow Lmmediataely vopon throttle movement, fol-
lowed by an asymptotlc approash to the final sngine fusl fiow, The
agtupl time history of Referense 3 showe no apprecisbie chavge in
sngine fuel flow (nolss level) for sbout 0.8 seeonds following
throtils movemant, then the engine fusl flow changes rapidly, and
finally approsches asympbotically to the {inal welus. A probable
axplsnation of the teat deta is as follows:

{a) There is a significant lag in the fusslags purtien of
the fuel aysiem abbtributable to line etretsh, relis?
walve dnertis, ete, which may scewund for the firat
0.8 smcond.

(b} %he rotor fuel line isg i2 less then caleulsted, possi-
UMYy hetauss tha 979 of final frow choven po the entunff
point in Referetive 2 tekes in too mush of the final
asymptotic slope., For instanoe, the uss of 928 of
Linsl flow s the end point woudd have led to o lsg
tms of 1.0 seeond, dnebead of 2.0 secopd velue pre~
viously quoted. This consideveticon le pwtimlm’i@‘
valid for the cese of ingresaing fusl fLow; sincs &
much 88 2 +10F chengs of fusl {low frum the peak thwust
value hes & negligible offect on pulse~jed throsh,

Anothar asries of tests similar to those of Hefersuse 3 bad
with the addition of an instantanecus Jusl pressurs resding taksn
&% the sntranue 1o the robary sesl asssembly wowld do wmach o olarify
the fuel system lag pictwrs., Such tests are recosmended 17 the
I8-26 fligt schatile paralbs,

BERBAYIAN SE35H. CALIEDEAMLA » CEBIA WRBEh, LALIFTOT #1313 o HARK, - SBLEDNa
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39iel Roter Fusl Line lag

Twoe spproaches o the raduction of lag in the present
cavitating retor Puel system wsre propossd in Reference 2 - {a)
the reduction of rotor fuel line dismeter mwwr the tip, and {(bH) the
naze of a plston type Haceslierator pump,”™ which zould best be bested
in conjunction with the prograsmed-throttle control sysban. Kelthep
2f these sehemss has Ween testai, and the eurrrend raduwed budgst
for power control work will precluds such tests during the remsinder
of $he progran.

A Lhird spprosch to this probles is the reduotien of
fusl injection pressurs et the pulse~3at, with assncisted reducticn
of the fveal column lenghth changes requirsd for & glven variation
of fual flow, To investigats this possitdlity, thees means of ps-
dusing the pulse~jet f{wel noszle pressurs drop have bsen tsabed.

3.1l Varisbls Orifice Pusl Nomsles

A palr of Lee lompany, dlaphragu-type, varisble-
sros, "Dipole® fuel ncwzles ware vurehased. One of these nossles
was Installed da & 5.75" diemster pulse~3st and Lssted o the atabic
threast stsnd with resulte eaa shosn Iin Figure 1. Slgnificant reduc~
tiong in fuecl preszurs wers realized; Wt they weore anscempmisd dy
a eonuidersbie reoduction in poak thrust, The roaduetien in thrnst
is undoubtedly attrilniable %o an inferior spray pattern which in
turn i caused Wy & mismatoh bebwaen ths existing Nel baffle snd
the "Mnole® nerzls, which produres 2 hnller coicel speey sinilax
o that of the standard fled nozsle bob with a Jsvger included
angle such Lhat the apray does not fully ispinge on the baffls,

Poet sarerisnen Fan shown that omtiwdizing the nossle-baffle scrangs-
sent can be & tedious vrocess and 14 was ot wndertaken in this
0eBE,

Aadeded Fosnonid Jusl Sursy Bae

Work done under sanother ewmitract included fabri-
estion and Testing of & fusl spray systew locabed ahead of Lhs pules-
job valves, with stetic tend resulte we susenrised in Flgwe L.
Jubssquent to theve watis tecta, & similer sysbem was whirl tesbed
o 7.5% dlsmeter, X8-26 ongines with somswhat negativs resulis from
hobh sngins performence sod velve spdursncse stendpoints, It i
prebable that this systew oin be nerfected, b the effort reguired
ig hayond the seope of preseml programs.

BANBATIAN BUACK, RALIFGHMIA . SHBTA HEEA. EALIPRENIA . GEEL, AEIRGHL
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dadeded  High Cpacliy Fixed Orifise Fusl Nowsls

4 fized ocifice nosnle roled 25 goh & 100 psi
ingtead of the standard 20 gph was tosbed durirg whirl tests of
7.5% dismster engines. No significant «ffecis on peak thrust wers
mobedl; however, ths lean blowend fuel {lov was inersassd potioceshly —
2a offeact which has boen found previously under similsr sireunstences.
The use of 20 sxd 25 gph nousles durivg the respmss rais tests mene
tianaud in Secbion 3.1 wipht yleld wortlwhile date vezarding the otge
toibubion of Lhe roboer Tuel Lime %2 the owvsrall fusl eystem ruspomse
raha,

32 Frogrameed I

Follearlug roceipt of spprovel from Wright Adr Devslopment Cenber
2orly L 2he preent repord perled, desipm and fsbelcatien of the
progregeed throttle syobem wis initisted, Detadls ragerding the
various eoemonants sve outlined ix the following pReagranhes.

aagt gnalyes
Vv o SO Sl R R

‘ mgﬁ perivmance saluulsbions for ths programsed thretils
sombrel dnsbelled in the XE-26 wre »eported fully 1u Relerwnce 4 und
eve swmmarissd in Bafwrenos 3, In bobh refprences, sention le meds
of the benaPicis) offeet of largs roter fneptio oo translient reler
spead obarssberieties) bowsver, the only quantitabive resulis shown
#0 o Plgure 2 of Relorenss 3, vhioh indicates ihe rade of o snge of
robey rpm Lo waricus pulse~job thewsh errers.

Iz wrdar 4o further olarifly this polnt, an aditionsd
W%iw% TEEPIAS saloulatioy Tor s horisogbal pull-np hes been per-

forssd serreaponding o swpell) of $¥s previous work {Pigae 4, Befer-
ewie A av Plewws 12, Retfavsose ) smment that voter peler inertie

koo baes veduesd fren the D28 valwe of L%0 slug-fest? 60 & value
of 100 slug-fe:42 whieh i¢ represantstive of & shadl dviven heli-
sepber of sludlsr grose welghb. The resulls of this stuwly are in-
eleded ae Pliore 2, witeh shows thed widk the XB-3£ vobor inerbls,
the maisen vator overapsed dr 10.9E ead csoure § seconds afier the
stare of Che miwmeaver) wawrsss Jor the mseller moter imartia, the
s overenesd iv 180 aed esswpa leas than G.6 sseonds after the
whart of the noposrer.

Linge 208 rober sosed veplebliecns ers icleredle, ths
lspger reter (eoriie wakss the differdues balwsen e scosplabls wod
& vasccspteble swatrol swaten. Thess resalde bwr oub he stabe
mmbe o page 7 of Reforeniow b whish ars qudted bulow:

Bana¥iam 8%afi, LaltP@RERIA . LRITA MEDA, SAHLIPDIwiA - PeEa, ARIZTEA
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The programsed tiwrottle has been in usse for soms time

o raciprozating engine hslicoplers, it has nob besn auccseaful in
making theze helicopters essentially Yome comtrel® {1.s., collesc~
tive pitch control) machines because the trim changes required 4o
keep the rotor spead within limits wuat bs made about as quickly

a3 the throthle changes required with ne prograam. Thus, about all
that has been accumplished has bsen to reduce the amount of eoordi-
nated throtiles movement required for a given change in collsciive
pibebh. The lergs indritia of ths pulse-jet helisoptsr robor snd its

relatively short fuel system time lag suggsst, howsver, that a pro-
grammed throttle control by itself, sven without trim control from
the piict, might keep the rotor apeed sufficiently close 4o a mean
operating speed so that the system conld be considered a robor speed
governing powsr control system, This considaerstion prompbed tha in-
vestigation in this report.”

Bs2a2 Desaism and Fabr,cat ion of Programmed Throtils

Tha goal of this design program was the achisviment of s

simple, relisble limkage involving minimum changes frowm exlsting

XH-26 hardware. The dagrse of miccess may be partially Judged from
the "bafore-and-after” photographs of Figure 3, The IH~-26 dusl
tlrottle azsenbly was cut in half, with the aft unit remaining in
place 83 the marmal override bypsss valve of Figure 10, Refersnce 2,
Thae small twlst grip and can drive for this valve are alsn used withe
sub ohsnge. The forward throttle unit has been rslocated in the
swdldary linkage box which mounte on the cookpit floor beslds the
collective pltch stick as showm in Figurs 3. This valve becomss
the prograsemed throbtle and iz sctusted by the cem and linkage of
the auxiliery box; these units, in tuen, are actusbed by the aain
pivet sheft of the sollective piteh arm {not included in photograph),
The madn twist grip on ths collective piteh lever is comnected through
& mynoem of ievers Lo Lhe wala plvot #hall so thet rotudliim of the
grip prodaces the smue effect on the programmsd throttls as doss s
shenge of sollsehive piteh, This action prevides the pilotis pri-
sary Wrim conbrol and is fllusirebsd schematisally as a eswm shift dn
Plgure 10 of Referancs 2,

faleulstod cam chapssteristios for the IH-26, for sxmmple
Figurs 3 of Refsranve 3; indlcebs thad pulse~lat rieh and lsan llsdt
fusl flowe will be resched wsll within allowsble colleciive piteh
travel; therefcrs, the equivalent of & large flat vegion must be
provided 3t sach end of the cim to allow for overtravel, During the
detail deaign of the linkage, it bscame apperent that such & lurge
| eem traesl is not fessibls because of caw slesrsncs problems s2

haAAAL VAR BEACH, CAMFOIMIA - COUTA MELA, FALIFDEN!: - MmIPL, HBIRDHA
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well as angular traval Jdmitebioms in the meltiviyine linkege. &
walgue 2pwing overtravel unit wse developsd as an aliernstive and
haz beyan gdseoneirated to be both ssonvate and dspendable. I offers
pogitive posltioning through the cam sporsbing renge, covpled with
sequabe ovsriravel to sceommodste 2 simmlbianseus applicetion of
il esllsctive pitch plus Mull trdm adiustasnt. Sufficient trim
i3 svedlables bo obbkain lean Limit el flow with & collestive plich
which would pormally oall Lo memimmn fusl fiow skl vice werss. Such

s dresble trim ohonge might be wsed i the pilst desires Lo change
his robar spesd in andticipstion of the reguirementz of a wiolend
meneursr sush as 2 Jump take-of? or & horisomtal puileun.

39243 Dgbsrmdnation of the Cam Contour

The first step toward debermlnsblion of the eam comtowr is
the caloulsblan of the weguired acginge fuel {low wa. sellestive pilch
relitionshlip as desoribed i Rafevence &, The ourves widlch bave bsen
sehained sre besed on obsolete epgine performencs dets and will nesd
o by modified in bthe event that o £iight test progrem iz relnshebsd.

Tha second @twg ie %o deline the relative mobion of ths
sollpative plbeh lover and the sk, This sen Do dome readily by
wens of lgroute or by mesns of sebusl soesuresenbs on the hardwars.

The thivd sbep is to oldain the fuel floe va. dlsplsne-
sopt ahevsctorisbios of Yhe welyw, Taehe for this purposze heve been
aefiensd with resulbs ag ahown in Plgere k., The throbtils pressuss
drey of 30 pal ueed Im thess tenie is 38 lorge 25 can be provided
ot m»% without exeesding the sllowable fusl pusp mz*mg preg-
sars, Ourve: areshowm for the shanderd sesh HMapher of OFAR dnak
agd fer en mlseged seab of 0,301 inch which iz regpired o provids
sfegesty fuel Lliwe without smooentering the mmia Behavior as the
shoulder of the needle rasses Yhe sesxt.

The fourth and {inel step is the combdnaticn af the zbove
inforsation with & prefile of sam pafius ve, angls,

The alzitule ewwaﬁw shown in Piewre § has Deen de~
veloped wader & subsanivact W %2@@ ise Cospeny of Vestlrook, Cenmecticut,
eguireseths of Beforemes § with sinoy
sandients &2 agreed Yo by %Ms sonbrostor amd the subcontrastor,
Theae enwndeants are s folluwe:

Basbdmm b-3.11  eqvastise should road Qa? - K(Pﬂg
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Section 4.3.7: bleed flow shell not exesod 40 1b/bw
at gaa levsl

no sectlon rusber: uait shall be cspeble of bypassing an
excess fuel pump omgﬁt of 1000 ib/nr
{A¥Go lstier 53-15%9%)

The unit was Loesbed 8t ths Les Gompeny orior Lo deliwary
as reported in Esference &, which also contains schematic and anasmbly
drawings. Parformance of %he compensabor le apparently sstisfactery,
agd it is avsilable for use if a f1light test program becomes possidla
at. a later data,

32l Albernstive Test Program

As & possidbls elternative bo the originally planned f2ight
teste which were primarlly deluyed becauss of upaveilability of a
sultable ¥H-26 helicopter, & ccmbination herdware-snalugue study wae
propossd. This schame involved use of ths provicusly dessoridbed pro-
gragwed tlwottle hardwars connected to the fuel flow beneh &vd inber-
related vith an spelogue oouputer seb-up to simulste ths flight char-
sobardetios of the ZH-26, Similer programs have heen performed, snd
the projeet appeared technieslly fezzible; however prastical considers-
tione, including finences, led to terminstion at ths propessl stage.

Eeie” Contyol Systes

The prograared throttle control aystem wes selsobed for fabvics~
tion end testing on the IH-26 bocause of its simplicity, siability,
and spparently adeguste ascurscy. Howswver, sincs a sore slaberate
systen uﬁ.ahb ba dssirable for some subseguent pulse-jet helicopter,
& regu was established for a sontrol system which requives 2
abnlic . W vm@ ol pidot sbbeabion ragmlws of bise cempiexity ire
volved. For convenisnce, this "f - subomatic® system kes been oon~
sidered as two ssparste problems: (a) governed throttls, aad (b)
spbomabie sbtart sequencing.

' A% & rosult of sgveral dizsussions babwsen WADC perscemel
and employses of this sontrashor, it was decided thab the considers-
tion of automstic reber speed goveralmg shvuld Be subsentrastsd to
an a@mmim specialdning in somdrol work., Ascordingly, propocels
wers aolioited from fowr such concerns, and twe sxssllent proposuls
were wmeodived. These propogale wers forwseded to WADD ss enclowmures
o Releranvs 7, and approval woe roqussted fur lsspanee of a subcontrast

ﬂAQﬁAE’i‘ﬁf% 2AAEH, CALIFRANLIA . EDETA mELA, CAVIPOANIA o HEId, ARIGSHA
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t¢ the Spery Qyroscope Compeny, whone prososal wse dssysd most
ansaphable,. Doring the course of these negoblatlions, Lhe p?@ﬁm:l
penbioned combtrastual chenges wers effected, and the vedueed funds
prohlbdted continuatliom of this work,

Az is discusssd on pages 7 throuwgh 9 of Reference (1),
DAl advanbage camnot be taken of the wlae—jeﬁ; heliscpter's inherent
mansuverability welsse the pilot is abls to utllise the rotetionsl
insrtla of the rolor system. During sush meneavers, the powsy plents
e pot eapable of eindaining cwnstant rolor speed, sad the pllch
will bewve to monitor the rpm. It has been sugpested thal warning
lights or otheyr slgnals be provided to warm the pilot vefors denger-
ons speed errors srs encounbersd so Lthat he can take correctiva
astion, The use of mutomabtlie collechive pitch Madting devieces to
pravent dapgercus spzed errors hsvs also been considersd, but the
guashicnable valus of such devices does not appear to warrant the
cosplezity invelved. 3ince even the governed tlrottls gystem leaves
vpa sonitoring responsibility with the pllot during meny exscbing
manegyers, and in view of the axscellent bshovior shown for the pro-
grammed bhrottlie system, it 1w conaldered ithat terwmination of gov-
srned tirotile studiss doss net repressnt a ssrious reduction of the
overall program,

Bxperdancs with turbojet emd remjet powar plants has
shown that both requirs prompt and nccurste throttie sontrol during
starting and accaleraiion procedurss, Hesed upon this expsrlence,
WADC personnel ralead logleal questions mgard:s.gg slziler procsdurss
T m;.mswgaﬁ hellcopters and sugioeted 02t & "fdly-svtometie® aon.
trol eystem alzht reduse the requirements pl&«*ed en pliot akill by
providing sytomabic sequencing of fuel, &ir, and r»wk during the

! sa*erﬁxfg #nd anesleration mysle,

thia wnwm‘hmw sxpariencs Wik pulas-jeb
haligopberas has shown thet; onve rsmr%aia the engines typlesily
edisit wide Pusl flow opsrating Maits ovar the sntire spesd cangs
fyrom static to maxipum ovewspesd. In fact, for the 26, it ie
doubtul if the englines os;m bs made to blow ont, sither wich or
lsan, during the asecisvation period without forcing the throtiles
bewond their rich or lsan limit stops, It appesrs, Lhersfore, that
extomatic contrel during the aeveleration precedure st be sliminated
!z*m furthar emaidamﬁimaa

BAMBATT AN REAGCH, LalirGa&la v SPITA BEBA, BAlifDRula ~ HRA, ApIIBMa
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Tlight test saperisnce with the LH-26 haliecoplap
soinied out @ tmmg problen an follows:

{2) The time required for fuel to resch the
@%}g'&ke{: sfter throtile opening depended
won bhe smount of fuel Indtisliy present
in %hs lines downebtresm of the throtile
and varied frow serc bo aboul seven ssoonds.

() IF fusl wss sllowed 4o ssoumilsts in ths
enzine prior to the lrdcodushion of cume
pressed sir thpough the sir stard wanifold,
& fire waz likely %o osoupr. The ocowpressed
air would not purge the esgine so thal &
ghart wae nob pessible; and alao, the valves
wore freguantly dameged by hesb.

o~
£
St

I¢ adr was inbroduced imsedistely uwon
bhrobtle opening and the fusl dslay was
maximee, the comprassed air supely rlend
be inedequnta.

As 2 rezult of this provlen, considerabls thought
hoe besn given various means of soordinating the lntrodustion of fuel
gnd ai» into She englne. The slmplest wnd moel promising @p@&imt
sppaered to be the sddition of & spring lceded fusl sht~ofl velvs ad
the sebor tip which would irsure 8 Dall fuel Mline to that point and
woritd erewidg immediate resnonss o bobh siy sed fuel walve operstion
in the cockpit,

Heanwhile, development of sm improved asie stert
system ves cerried on under ancther conbract, with excslienv resuwivs
an raported ix Reference 8. An alr start sanlfold located ahesd of
the engine imlel valves was found to be superior to the previcus mani-
fold whick was located aft of the velwss. Using XH-26 eoegonents
throughout, Imssdiabe starts ware obbained oven afber the sagine had
bean flooded for 10 seconds. The sompressed alr supply was fownd to
ba sdequate for & starts (3t is resharged during fiight, so only one
start 4 required), snd ne valve burning was evidensed.

With both starting and socelsration redwed to
virtually fosl-proof precedures, it is nonsldered thet mo further
effurd 15 Sustified on starting snd ascuisralien wnder the present
sontiraota

RAREATIANR PRACWK, LAUIPDHAKHIA - LL3TA HERA, LALIPOENIS N gﬁﬁ«i. ARITEN A
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Work wnder this dtea ia intended to: (2) determine the axtent
of rotor shaking Torse snd torque verdsbion ssaoccisted with conzband
pulse-jab fuel flow durdng forward Ilight, and (b) investigste feasi~
Lty of, snd tectmiquer for, swinimizing thess afferts threough oyelis
g‘k@i in Wfﬂuima

debod JLaphatdon of Thmwt ML Yaw dngle and Forward Spesd

3ings the alffach of forwerd zpesi on pulse-Jsb Ltlrust hes
baen definad Yy tests perforamed for obher purposss, only the affect
ot yew angls wis debarminad speellliovally for this ctudy, 4 specisl
sngine stiachment fibtlng wes bullt bo allow eliher piteh or yvew
sebtings o ba varded with the engine adluched to Lhe blads tlp of a
whivd Lest sband, znd dabe were taken over the full range of adjust-
menb. '

The dats zhowed wnexpected differences bebween posiiive
and negabive yaw sebbings, and gevedul sbudy of the resulbs indicabed
thed iantsrference sffects between the sngine spd the atinreh fititing
"m;? have bsen rewponsible, Purthermere, Lhe bask of oroviding & yaw

fitting which wouldd be sbove question was beyond the ssupe of this
Worke 'z:'zm da ta alae added subsbtentisilon Lo the hypobhenis thed yuw
and pliboh shonld have sisdlsr sffects on sngine $hrusht, Fax*hma%ly,
the veriabion of piteh alone sarn be accumplished withoul mpesl

Pitbinge sinos the shginse sre novaslly piteh swivelled, apd ‘&ha gwivel
esn be locked during whlrl stand testing. Piteh data taken by wesns
of this technigue, which becams svailable from power plant development
tents, wers studled in conjuncbleon with the dete from this yrog:m,

and the yew affent cueves of I"igw& 5 ware synthesized for usze during
the present study, The effests of yaw wre of considerabls importance

Lo tha werall mrfw‘m%@ ef 8 pmwm*}efa helioopber: therefors, they

B, P . m
335&‘&« A%WM‘R}M &\‘d‘# Magd h‘l&uhi&hw‘w sw ..é(f @...; ‘ "%' ?.',f: tz’;:« - ‘““‘1,! "m”“?

plan%; development program.
Aekel.. Baspmee bo Cyolic Fusl Tndesiion

Bo informablion regarcding the transient responge chavsster~
istics of pulse-jel angines sxisbed nt the beginning of Yhis program,
g6 the presend work remresents s coneidershle venbure indo unexplors
torrain, Typieal problams were the dssign of a fusl injestion syrben
sapatls of {low mdulat* en of freguenciss v bo 10 grudes per aaemﬂ
m the devalepment of s teat obard with Instrumentasion for measur.
ing szall thrust incremsnts and phase shifiz at 10 .ops in ths presence
of vary large thrust vard miﬁfma ot the snpine fiedng fraguensy of 125
s3I ,

BABNATIAN BEACR, CRLISGRNIA - CGSYA mEEA CALISGOWA - MEGE, ABITGEL
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Heanuse vardouns sspeshba of this work msy be of vaiuse in
other fielde, & rether complste report 1s being published, Refsrence
9. The reszulls oblained are 3tlll subject to certain questions,
wmh thay appesr Lo bs entirely sdeguate fur present purposes, An
gxample of & resull whicsh may shed light ox the basic opsretion of
pulse=-jat enginass 18 ihe phsse 2M Y curve of Flgures 7. 1% 1s Sn~
tersating 1o nute that 21l the date points 1ls cloms to the 1760
second lag line end that the sngine pulsing cyels requives ahout
17120 second. This resuld indicates thab Lhe pulse-3eb osn adjust
its operation to & new fusl flow within two pulsing cycles.

Other copelusions of this work sre bhet, within the rangs
of freguency explored, the amplitude of thrust vearistion and the mean
spacific fuel conevmpbion ara 1ibhle affacted %y cyelic Injectiom
Fesauaney.

Jaksd. Anadysis of Bffecte on the Helicoptar

Tha report covering the analyeis of cyclic pulne=jeb
throst effectz on the helicopter iz being published, Refsrence 10,
In genzral, 1% is found that cyolle fuel Injection could be used to
reduce torque varlations and shaldng forses during forwsrd flight, bub
that dhe initislly smnll velunes of thess sseillating forees are not
sufficisnt to Justify the considersble complexity involved.

I% is algo pointed oub in this report that average pulse-
J2b theust is msberdelly reduced durding forwsrd £light, due prizsrily
to yaw effects, and that this reduction of thrust (rether than blsde
stall considerationa) may limit the maximum flight speed of the hell-
coptier, Cyclic fuel injection cculd be uwillised o offusl & smell
- part of this thrust decline, but again the improvement appears nob
to werrsat the cunplexity. Incidentally, the cyelic fuel injection
vubsduie fur biwadl leprovesent 1o gol the adme s e oee for oholdng
force improvement.

ANAATIRM REACH, CALIFRRMNIA . SHETA BEbr, CALIFGREIA . Bk, &BITHBA
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RERON OF FAXMED INGINE AND APMAME  COSFUAATION

by CONCLUSIONS AND RECOMMENRDATIONS

bl  Prosrawmmsd Theotbls

The analysis, design, g febrieation phases of the prograwmed
trobdle control devalopment are considersd to be compliste. in s
resmld of contrset slemger, ne furbler work 1y nlenned. The syztam
iz roepdy for insbellsbion and is roccewsnded for f23ghs tasting 47
sapvice sypariente with the XH-26 helleopters indicabtes the dssiy~
a¥ility of & sest-auiometic throtils conizol.

ha?. Greidie Pusl Inisesion

Publisation of Referensss 9 sud 10 will cceplele work usder this
phitse a2 gmended, Resulbs of tha shudy lesd o the rescamendatiog
that no furiher cunsidevation of oyelie fuel injecticn be plauned
unloas some fubure pulse-tet halleopbey sbould diselose onsapashedly
adveres {light chapanteristics.

hdditional fuel system responss messurssents on She “H-26 ave
recommeiod to further dafine the fuselege fuel syeslem gnd rolor fuel
line seatributicoe to the overall lag tims,

Taw and plich effects cn pulse-Jeb theust are reccosmended fov
© added abedy under power plant development: programs.

MBAMEIYYAN S$Ba98, CRIIZDANIS v S BV REyy, LAilFHEHIS - R FEs. AHIIDHE
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5. . BBFEREECES

Refesrences X: Amevican Hslicopter Co., Inc. Repori No. 195-4,
"Felos~Jet Helicopter Power Control System Develop-
mmt - Piret Quarterly Progress RBeport®, R, ¥,
Hedopes, 1 February 1993,

Raforance 2@ Amsrican Hellcopler (o., Inc, Beport Ho. 155-B,
“Fulse-tat Hslleopter Powsr Suontrol Systen Devslop-
wint - Swoond GQuerterly Progrese Repsri®, R, #.
¥alunas, 1 Haroh 1953,

Helerance 3: Amsyiosn Hallooptsr Co., Ine. Report No. 193-0,
Pulsa-Jeb Hyldleopber Power Conbtrol Systes Davelope
womt ~ Thizd Quarterly Progress Report", R, W,
HoJones, 24 Aperdl 1953,

Hafarance &4  Ansrlosn Hellisepher Do, , Inc. Report Ho. 19501,
Yhnalysin of & Programesd Throtble Powsp Condrol
Syaben for a Typleal Pulse-Jet Halleonter®, L. R.
Gutstedt, 15 June 1953,

Beforsnce $: Ameriosn Helicopber (o., Inec. Beport No. 8-195-a,
"nesifisebion Lor Altitude Cowpansators for Pulse-
Jet Helicopber Fusl fystems, K. ¥W. HoJones, 15 June
inh3.

Asference &: The Lee Compwy, "Report on Test Results of Altitude
Cempenmator? (Drawing Mo. 11,000}, J. P. Somers,
19 March 193,

Referance 7: hoericen Helicopter Oo., Inc.; Letter ¥o, 53-2013,
to Wedght Alr Development Jewber, WOLPH-Z, Sublect:
"Froposed Subountraet to Sperry (yroscops Company.®

Relarence 5t Awsviosn Helloopbor Divisien of Fsirehild Engine
sd Adrplene Ompporebion, I0M Xo. 0432 "Resuits of
Forwerd Ady Stert System Development®™ D, 3. Perkins,
23 Jume 1984, (%o be reported formally.)

Bafarevss 9: imoricsn MHelioopler Division of FPsirehdld Engine
and Airpdane Corpevstion, Repordt Bo. 19581,
Effects of Low-Frequamsy Cyelie Fusl Injecticn on
the Stetic Perfovesnse of & Pulss—Jet Bngine,”
C, B, Thomes, t9 e mublished.

Refersuce 15 Apsrican Helioopler Divislon of Falreblid Hngine
' zad Adrplane Curporstion, Report Ho, 195~Hel,
“Anslysis of Cyelic Pusl Injsction s 2 Means of
Improving the Forwsrd Flight Cherscteristies of
Pulse~Tob Hsllcopbert, H. . Spidall, %o by publiashed.
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DMNCH OF IAIOGD INGE AMD ARRAME  COIPQUATIIN

Hegelived proposals for subconbtyect sbudy of "Fully Antomablia®
Contral Syeten,

Initisted anslysis of eyelie fusl injeetion,
Jomplebed yaw and plbeh widrl taats for syulic Injscbion program.

Recaeived WADG spproval to procssd with progrmmased throttle desisgn
and fabrieation.

Trensmibied report on prograamed throttle system, Haference L.
Fifth Quarter - 1955

Initisted design and fabriecstion programmed Lhrettls hardware.

Conduabed bench tests of throttls somponents.

Izzwed purchaze ordsr to Les Company for altibude compensator.

Gonductad preliminsery cyelin fuel intaction tests on shatieo stand -
found hardwsrs insdeausbts and insbliubted redesign.

Sliyhh Qupefes . 1089

Complebed fabrication of programmed throttls havdwsve.
Palricated new herdwsre for syclic fusl tests,

Sonxldered combination snalogmae-hardwere bsste of programusd
throbile syatom.

Raquested WADC spproval of Sperry subsondract.
fumpleted gyolis sl tesbs on stalic stend.

?ﬁmfwmﬁ gdditionsl ZE-26 robor insrdis effect saleniations
{Figure 2},

BARATTAN $RA0H, CHALIFBAMIA - LHEYS HEHa, CALIPGRNIA - RIFL, ABIZOHA
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W DRAWON OF MOCWED DNGIHT AMD  ABMAME  COPSATON
IAElE L - Contlnued

Becsived sltitude coepansstor from lee Company
Pewted Low pesssure drop fual nzmaias in pulas-iat engines,

Complebsd fnalyesis of Cyolie Puel Injeciion, Heference 10,
(omplieted Beport on Oyellc Puel Tests, Referonce 9.

EARAATIAN BRACH, CALIPODORMIA - CQBY% MBER, TALIPDANMIAL > BIBA, ASIEIONA
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ey

ASSEMELY MODIFIZD FOR DOOUAMMED OONTROL OF THROTTLE
FIGRT 3

AAMBATIAN FEE&EN, SAUPOEHIG . L5383 mE¥%Ah. CARIFOTNIS - MEISA, AATEBHA




o 53R pARRE Shakasanes sisns su ",
+ =t T
o riedsiogus nipnnasyge vh z
or qNBNE ey xzn oy ni : : 3
i 1 Ty = 4
npas v ] Y pudw »
% . * } 2
m H 62 1 7 ' 6 -y i
T - *
1
s
aness 1 I t ‘
s ¥ T «
4= ;43 1 i
] e it ke M
: e w3 ny *
%
m L
: g : THE O : .
2 + : I et e e
b , rmr 3 <
T i . I AR . -
13113 i » aad: . &5 u 8 -
X i ? - =
A i+ 1 - ™
: ; ; o
- wsp s n
% Easaes 444 ] -
% ! At - «
; Sxuws anelis a T = A_.
- ¢ b .y - " v i 89 : o »”
i RIS ¥ 1 -
- .
: -1 - 4 + Bt 4 «
T T 3 -
3 Fa . 5
§ i £ i .
< >
= - 2 s b
wae b i 3 : =¥ Tn <
2 ESRaET : “
X s 2
£ ] & H o
x v ulnan &
” e 5 Sep e t
H T ol .= 12 L LS b
et new v " * : wua s
o } Ly A T o W S ax
b . - t 11 ) st -
. rawn : .
T-b. a i 4 awe 3 B
3 ) A " pon ' X g v u
o 8 i R
i o - - - ok s
“. W -4 RaaL v T T + - =y o
= gt aans T 1 1 ’
i _y 4 - Hn o, ot - = k
m w » s r ....
E 3 e 1 W . | T % 8 L 3
—un + "l 1t r 2 i L4 1 o
. 1 - ¥ - a
snrh W it H g mw g A -
2 -y i i 48
xi : e :
i - H Bis ¥
s g H ixauiypenrials $ixil u
2 P : 4 b
2 T T
; T o gun
e 3 g "..
o
x| ot 1 & aRkh
e o e
. i3 S s L1
y i s, .
= o e I
- }4s, e
P ¥ e
i ey ntis :
T x Al
e Tl
Ir '3 vy .
§ v - L
" . P
ta
T T TH T
e i ! 1 T &
T - : 1
i + i v ) LAN +
+ + kit i ! 1




HELICOPTER

h%)

a8

DML OF FABOHNG  ENGEGE aND

ANFANE  COBIRATION

ALTITUDE COMPRUSATOR

FIGURE §

KARHATIAN BRAGH, CALIZDAMIA . [X:FRE)

BUEBA, LALIFRTHIS

. BEFA, ARILDRS




23

4

BAG:

P

Ty

e ; me , oA xy
v - =il v} % FEN 31 R ¥ Tt 1
e LY 4 Ima i s + ;) X
T g ¥ + v T .
4 ﬂu..{- 5 " _ x! -
% i -
» . 44 T L ) - L
i ¥ i s -
£y oy i e £ - e w4 H
5 1 i % :
3 - : 4 L 5 +
2 ¥ : i
1 o * i - ¥
i qru-%nn 5 o b e 7 Y e
v TE e o pe
‘) g
@ : T ; : :
- o o i 1t 1 'y i
T bt Lt = . iy
1 s e Sreuing NEa 5
¥ u) Ay iy
at - L
I et ' ya
S o n = a5 £ 1 5
N R st !
> 4 - &
i n ‘ ~ b
e 1 . 1 -
o8 e 3 i o
3 b = I 13 Lt
+ + \
e o T Haw -
reas ho s H : 5
i, b3k T H T 1 ke
m.. il T 3 = -l e § ] 3
u 3
& e A = .
» ™
3 T 4 ¥ = =
anz * R nn.
o - edaiuy e n e
o} ] ; -
" g1 - :
] . T
2 1ty i
£ 11 ‘
3 & b
= ” - AN
B o e e e
.‘ A ve FAREY e
& : 5
5 ¥ "
3 T i
Py 7
&
Z : Tiz
N = il o b
»
g
»
: i)
. i
3 i v Awe wn
& § %
%
¥ e
=
v
"
B
¥
e
an i e o
e =,
rs e
SRS :
w%.,
¥, x
W . i oy
dy o 2
. . Fr
- (X AN 3 L5 +
L v K7 u g o .._ﬂ,.». t A
: &. 2 b ex B TH RN B " i
: i r *
! i w;" * r
TRTY » [L - -
t i 1
I " § ABN BE s - g -

auiZDNa

BREA,

®EEa

&

ABACH,

TaN

L3

7




EXXIEIA LN

BHABON 07 PARCHRD BNOEME AWD ARSI

I ——————— R A
. - -~
m m * s 1. L
I T T L
B b
T
I
: : - : g
- ] T r
H : o 3 T »
s R s - 2
Kz yan e - 1 7 ~
s h b i : s
EwEne RN 3 + =
- +-
aa b T I I 1 at
Bow o ¥ : Tt
= -
§aad THO asbEy, %
Lo + <. ¥ e 5
fete | - -
ey . »
Frid €
i b L " i T
- T g e
et T * hns. ;
) 1 e
aaal 1t ]
: X 2
L i lY .
i et + i - 2
Euassua " b : 18 : -
b os & ju A o o £ i =
- ¥ <
vh_.nﬂ.u._ 1 " + ¥ by
a5 he : i N <
- ¥ 1
; &
[l I T 10 '} -
AL 2] n T &
A i
¥ Aanyn 4 z
. Tt : R )
3. i . o
cus. iy W ue Y - -
o T B ¥
-
¥ w
ke ! ‘2 u 1 1T 2
" e o
s i & 4 & cakan B + 5
: &3 =+ ra +
4 e
: 5La3 T Le gy L ANGNS) T -
: . e : »
¥ 1 t
e & 0w e 4 - s
: v
= ® 3
A deb I - xdnanm pa 3 3
¥ ¥ n
33 g S }
-y 11
R aiaAy - ¥} : :
- A - - .
e EE a sy | s
e 1 LA P RNY ¥ b aus -
i + 1 : 2
; aprimd-
i £ i -
B s &) +
I P
teszie §as o
! t -
prasy bl -._.“ . i =
¥ .
3 ¥ -
1 T — v
' 1
" 4 = &
fa o 4 i
i b o x
1 ¢ v
: &
' P
“r J: -
1
X x®
i g . £ £
i S - i
al ¥ -t i
15 - v
T e af.
+ 4
. #of .4
T P
v —~ 3 ®
EisiE 35 g
g 5 -
et z
FanBArSE s - 4
ottt "




LA e

frmed Serviees Technical Information Hgency

Because of our limited supply, you are requested to return this copy WHEN IT HAS SERVED
YOUR PURPOSE so that it may be made available to other requesters. Your cocperation
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NOTICE: WHEN GOVERNMENT OR OTHER DRAWINGS, SPECIFICATIONS OR OTHER DATA
ARE YISED FOR ANY PURPOSE OTHER THAN IN CONNECTION WITH A DEFINITELY RELATED
| GOVERNMENT PROCUREMENT OPERATION, THE U. 8. GOVERNMENT THEREBY INCURS

N{ RESPONSIBILITY, NOR ANY OBLIGATION WHATSOEVER; AND THE FACT THAT THE

| SOVERANMENT MAY HAVE FORMULATED, FURNISHED, OR IN ANY WAY SUPPLIED THE
IS4 DRAWINGS. SPECIFICATIONS, OR OTBER DATA IE NOT TO BE REGARDED BY

| IMPLIC ATION OR OTHERWISE AS IN ANY MANKER LICENSING THE HOLDER OR ANY OTHER
PRRSCN OR CORPORATION, OR CONVEYING ANY RIGHTS CR.PERMISSION TCO MANUFACTURE,
737 OR SELL ANY PATENTED INVENTION THAT MAY IN ANY WAY BE RELATED THERETO.
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