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SUMMARY
ftql gygtem and rotor ey-stem response rates for a typical pulse-Jet
Fuel system ard rotor ajutem resvonee rateu for a t.7piOal pulme-jut

* be

gram is requested in order that dsuign, fabrication end testing of this 4
system may be Initiated.

Plane for the furV�er study of a Ufully'autcuatio" control system

arni of cyclic fuel injection are outlined. I
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2. INTRODUCT ION !

This is the third quarterly progress report describing work
performed under Items l(d) and l(e) -of U. S. Air Force Contract No." F
33 (600)-5860, Supplement No. 4. These item cover the develoment of
a basic power control system for pulse-jet powered helloopters and tne
investiLation 02 cyclic fuel injection as a means of reduoing rotor in- I
plane vibration and torque variation.

The first report of this series, Ref. 1, contains a general
discussion of possible power control configurations for pulse-jet heli-
copters without reference to a specific model. On the basis of that
discussion, It ins concluded that sane forn of programed throttle act-
ation with collective pitch change, (with the possible inclusion of a
simple governor as a trimmer), is the most attractive possibility.

In the second report of this series, Ref. 2, aerodynamic and
power plant performance data for a typical pulse-jet-propelled halicopter
are presented and combined i:Lo level flight equilibrium charts. A fuel
flow vs collective pitch schedule is derIved from these charts rnd a
detailed fuel system is proposed to implement t-hls schedule.

STh present report continues the eraluatlon of the program type
control .ypte, and outlines a Iroposed progr-- for the ocmpletion of the
subject contract items.
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3.1 SYSTE2 RESPOOR RATES

T..e overall responee of a typical palue-.et helicopter to vari-

ations in throttle pojition is markedl7 different from that of typical

shaft,-riven or pressure jet helicopters. The system G4Igramso -hown btloiw

illustrate the more important differences.

TYPICAL FULSPJET IIELICO2ER ...- Diagrai A

Throttle Englae thri&et Airlua 2

Fuselage fuel Ehgine lag Total rotor
system inertia sys*sm inertiA

TTPPTCAL SHAFT-DYUVEN HELIcOYTE, ,-Diagram B
Throttle' Combumtion pressure & msshafting Blde inAilads

FuCel sy-sti a a o lade n

Inertia system l!.g inertia inertia inertia

TlYICAL PRFS3URI- JET HELICOTFR -Dia ra' _ C I
Gas genenrttr Induction Engine ID[cting
•_throttl- 3yaterm lag inpitla Lag -

CFuFt qysZem Comhu.ltion Tip jet thrust
inertia pre5surc Airloads

VTip brrne eTp r raotor

"• .ou" u*lin•o la•g system Inertia,.
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In the shaft-driven helicopter, engine ombustion pressure aot@ on

a system of three wasses coupled by spring@ and dumpers. The reiponse of

such a system to a step input at the throttle Is extremely caoplicated,

and an adequate analysis will involve the simultaneous solution of a series

of differential equations.

In the pressure-jet helicopter, the jet thrust acts directly on

the rotor inertia; but the eaabined gas generator add tip-jet fuel -7stems

represent a complex problem in coordination and response rate. hanges in

rotor power generally involve soheduled changes in both tip-jet fuel and

gas generator output; moreover, the gas generator response rate is likely

to be slow because of the engine inertia and the ong ducts required. Ana-
lysis is obviously difficult.

In the pulse-jet helicopter, only one fuel system i required, and

the engine thrust again ac.s directly on the mass of the total rotor system.

The response of this system to a step input at the throttle involves only

the fuel system a#g and the rotor inertia, and an entirely adequate solution
may be obtained by a simple numerical intogration.

The fuel system and rotor system response rates for a typical pulse-
jet helicopter have been determined and are presented in the following para-

graphs.

3.1.1 Puel System Isponao Rate

In the typical p•se-jet helicopter fuel system of Diagram A, the

lag between throttle movement and engine thrust is composed of three effectes

(i) Inertia of the fuselage fuel system (lines, relief valves, eto.1

(2) Lag in the rotor fuel lines (discussed in detail in Ref. 2,
page 8).

(3) Lag in engine thrust response to fuel flow changes (being,
investigated under cyciic fuel injection study).

Since both engine thrust and eagine noise are functions of the presslire

wave action within the engine, it to assumed that engine noise level is an

accurate Indicatur of instantaneous engine thrust. On the basis of this
assumption, an experimental evaluation of overall fuel -system lag has been

performed and is summarized in Fig. 1. The results shown Indicste that
about 2.0 seconds are required for the engines to reach stabilimed operation

following a rapid change of throttle poeition, Thin valuo of overall system

lag is in clone agreement with the 2.1 second rotor fuel line lag calculated
in Ref. 2, which euggn•ts that the funeinge fuel system and engine thrust
lagn may be nngligible. Furth'!, Investigations rf the response of modified
eytem,,r are planned; however, thn preoant resulti are considered to repre--
nrit tOhr o ,rall porfornincn, of the btitc XII-26 system,. The responses to

:i~pthro~i.Jfo chariw ' on(f vitrioug magn.1tudos we~re measured, and thm- effect
of -I(,p maVlt1ude on .r.g timte wnn found to be negligible.

74el 
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. Rotor System Response Rate

In the typical pulse-jet powered helicopter, the absenre of pri-
mary power transmission through the hub results in the selection of a
teoter-mounted, rigid rotor. Since blade airloads, engine thrust and
rotor inertia are concentrated at, or near, the blade tips, blade chord-
wise elasticity can be neglected; and the entire rotor system inertia can
be taken as a lumped constant as illustrated earlier in Diagras A. As a
point of inteoest, the engines and assoziated attachment fittings constitute
approximately one-half the total rotor system Inertia on the XX-26.

The rotor system response rate of tho IH-26 iS presented In Fig. 2
as a family '-f tip sp--d time histories for various Increments of
pulse-jet thrust above or below the amount required for stabilised operation
at the instantaneous tip speed. A typical conclusion which may be drawn
from this figure is that *10 lb/ens. thrust error, (about 25% of the rated
:ngine thrust), can exist7for about 2.3 seconds without the rtor tip speed
exceeding the t5% steady state error specified in Ref. l1 moreover, this
same thrust error can exist for muore than 5 seconds withouW causing the tip
speed to exceed the +10, -20% tran3ient error tolerances.

Results obtained from Fig. 2 are highly conservative, since in
a-tuilfl•ght any error in engine thrust is reduced as the tip speed changes.
In fact, for most reasonable errors In throttle setting, the power available
and power required curves will intersect before dangerous speed errors are
encountered. This stabilising effect will be discussed further in the fol-
lowing paragraphn.

•5
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w1 .. 2 PROGRAMD FM GONRL SYSTS

The &anayses reported in this section are considered to ocoplete
the study phase of the prograad throttle fuel control system. Fuel flow
vs collective pitch schedules have been obtained for all normal operatind
conditions of the helicopter; th- dynamic behavior of the helico•ter with
the program type control installad has been calftlated for two typical
maneuvers; and the power control specification ham been mnded to define
the detail requirements for a prototype system for X1-26 flight tests. %r

According to the work sta'4ment of the subject contract, the expen-
diture of funds and effort shall ilot exceed that required for satisfactory
cabpletion of the study phase until approval has been given by the Chiof,
Power Plant Laboratory, Wright Air Development Center. Upon recolpt of
such approval, design,fabrication and testing of a programmd throttle
control system will be initiated.

The altitude ompensating element of the control 6ywer will be
subcontracted to a competent manufacturer (one satisfactory proposal has
already been receivd). The reaminder of the syetca will be fabricated
by the American Helicopter Co., Inc., using standard oa..Aponnts wherver -.-JI
practicable. The altitude element, which will be the most expensive cam-.(I ponent of the systm, will be Immediately applicablh as *e rich arn lean
limit control for L governed throttle system if subsequent ocaparisons
indicate the deatrability of such a system.

3.2.1 Schedul@ Refinement

The, preliminary fuel flow vs cqllectiv" ;itch schedules of Ref. 2, I
Fig. 9, have been revised and extended to cover the entire operating range
of the typical pulse-jet helic pter(IH*26). The revised schedule im pro-
sented in Fig. 3 of the present report. The norma., or detent, position
of the prograi•ming cam h&s boen selected to embrace the maxiini ntmber of
operating conditions. With the cam in the detent, the helicopter can be
flown through many maneuv ,r without pilot trimming ano without exc••s•_V,7
errors in rotor speed. For certain extrmao maneuvers, the cam may be
shifted slightly as indicated by the dashed position; however, the rotor
inertia is sufficient to prevent rapid changes in rotor speed and loinurely
pilot action will suffice.

Alt-houch a definite answer is precluded by the approximations

involved in the calciulations, it Is entirely possible that the helicopter
can be flown throughout its oporating range with the cam •n the detent I'
without encounterlnR dangerous rotor speed errors. If this possib.11ty
Is substantiated by flight test. data, there wlll be little question that
the programmed throttle iyntern in optimum for helicopters of this type.

.2+. Oyuutmlc P~rformmnce -2

1)yn,-mic porform;-.n': calreulationn for the programmed throttle con-
tv I •i, ,-Y" in th.h, "• 1- ;1, lopt-.ýr durln' two maneuverm Pi rei qorted
iTi I 1n,1 a q ,r-am't ;,'d hliroiTr . 7 TTV
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3.2.2.1 H rizontal ull-uR - Four horizontal pull-ups (rapid
tra.nsitior, from forward flight to hovering flight) are analyzed In Fig. 4.
For the first case, the fuel system lag in taken as 1.5-seconds (fry Fig.
1) and forward speed 1.a reduced to zero in 10 seconds. Even though the
prograing cam reduces throttle fuel flow to the lean limit value at t-O,
the 1.5 second lag between throttle and engines is 3ufficient to cause
intolerable overspeed within 2 seconds. This result indicates clearly the
necessity for reducing fuel system lag, since only by. mans of anticipator,
throttle movement by the pilot can the he2 icopter be flown safely through
this maneuver with the rresent fuel lag time.

Acting on the assumption that the fuel system lag time can be
reduced to 0.; seconds, oases 2 and 3 are show for 5 scoond and 10 second
pull-up timer. In each came, the max1imu retor transient overspeed is less
than 10%, and the final equilibrium tip specd in only 3% below the nominal
value of 425 fps.

To eomplete the evwluation of fuel system lag time, case 4 was
prepor.d4 using zero lag and 10 second pull-up time. This case Is identi-
cal with 3 except for the lag time, and it is interesting to note that the
maxima overspeed is not appreciably affected by this 0.5 second charge in
lag time.

( During the first portion of a horizontal pull-up, the programm.ng
control has rerfect action since it reduces throttle fuel flow to the lean
limit value at the instant that collective pitch is lowered to sere. The
pulse-jet engines acctually produce negative thrust during the first portion
of the maneuver and the resultant rotor overspeed is caused by autcrotational
air forces on the rotor. A governor type ccntrol must have extremely rapid
response to speed errors if it is to provide satisfactory throttle control
durihg this maneuver.

In view of t)' fact that a perfactly responding control and a
zero lag fuel system vAi allow t e rotor speed to be outside the +5% steady
state tolerance band for approxlmately 8.5 seconds during a horizontal pul -

up, it appears reasonable to modify the tentative control specification
(Ref. 1, page 4. Item 3.2.3) to allow excursions beyond the +5% band for I N
periods up to 15 seconds.

In spite of the rotor speed variations shown, the pulse-let I~
heiicupvT~, gifz an~..let ~ of Itself in the riorizontal pull-
up as conparnd with a typical shaft driJvek, helicopter with its low rotor
inertia and orver~nning clutch, In shaft driven helicopters, it is fre-
quently impossible to perform this maneuver without gaining altitude and/
or causing the rotor to tnclutch and overspeed.

).2.2.2 DescendlnK Pull-uop - Four descefiding pull-ups (transition
from forward de-;cent, to hoverj are described in Fig. 5. In all cases, the t
Initial ratm of daqcent in 500 fpm; the variables are transition load fac-
tor ,?nd presenco or Ab!nnce of ground effect during hovering. The 0.5
.second o Lo. 1y:t.,n g found no .ar.u for e5tiefactory rprformAncO of the

•riv'nt pll uW1 " ln so•d thbroig,, tUeo naiculations; it i- folt that a

K-I.. _- - -1 1
-rn-i__________________"____,_"_______,,__,__-_____________--_____-____- • . .
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lag time of this magnitude can be achieved by the means outlined in
Ref. 2, page 8.

Although this maneuver appears more violent than the horizontal
pull-up and probably does call for more rapid adjastments of collective
and cyclic pitch, it turns out to be less demanding on the fuel control
gym )m. There is no tendency for the rotor to overspeed with the program-
ming control. Moreover, even if the cam is left in its original position
(see Fig. 3) and the final hover is outside the groundeffect, tOe stabilized
tip speed is etis than 15% below the nominal value and can ba corrected at
tht pilot's convenience by the simple expedient of placing the cam in its
normal det, it.

As a result of these stud' es, it is apparent that the response
rate described in the preliminary specification, Section 3.2.4 of Ref. 1,
is based on an unfortunate choice of maneuvers. A more adequate response
rate requirement based on the horizontal pull-up has been incorporated in

the revised specification.
3. 2.3 Ravl~ed Control System Specificatiou

The preliminary power control system apecification of Ref. I has
been revised to incorporate previously mentioned error and respons" rate
limits and to reflect comments rec ived from the Power Plant Laboratory at
Wright Air Development Center. The revised specification is included as
Appendix B to this report.

i
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(4

.,3 "FULLY AJTOMAT IC" N, .TI

The final selection of an optimum power control system for pulse-

jet helicopters will involve consideration of factors such as reliability,

accuracy, cost and weight. The design characteristics and intended funct-

ion of a given helicopter model may affect the choice of control systewsp

and it would be most unusual if a single system proves to be op- mum for all

applications.

The programmed throttle control 1,viously warrants continued

development because of its simplicity, st, lity, and apparently adequate

accuracy. However, it also appears desirable to evaluate the potential

performance of a more elaborate system, even though such a system may not

be indicated for a simple helicopter like the X11-26. For the purpose of

this study, a requirement has been established for a ...ontrol system which

requires the minimum amount of pilot attention, even though such a system

may involve considerable complexity. This is termed the Ofully automatic"

system.

The "fully autmnatic" control system study will be primarily

concerned with the incorporation of some form of speed governor; however

it will also include consideration of items such as automatic engine start

sequerncing andautamatic engine thrust magxnizing. It i1 the inUtent of

thi- Contractor to subcontract at least thaf portion of this work which is

a:ssociatod with the speed governor; therefore, four competent organizcations

active in the automatic control field have been invited to submit proposals.

A sum•ary of the proposals received as well as a recommended course of

action on this prgraun will be forwarded to Wright Air Development Center

follcwlng receipt of r, plies from the organizations contacted.

L,---'? 
---
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4 ~.4-FUEL FLOW BENCH

The fuel floir bench has been C( spleted and has beon checked out
on tests of fuel pumnps, relief v'&lves, throttles, accumulators, and other

fuel system components. A photograph of the bench is included below; a

schematic diagram of the bench mey be found in Ref. 1, Fig.1

'' 11-
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3 eCyCLIC rEg INJECTION

Tests to obtain the additional basic power plant data raquired
for a oonclusive analysis of cyclic thrust effects an helicopter perform-
ance are currently in prosrevs. The specific quantitIes being determined

4 are:

(1) variation of pulse-jet thrust with yaw angle, and

(2) respones of the pulse-jet engine to rapidly varying fuel
flow.

Using results of these tests, analytical work will be continued
to definer(I) the extent of rotor in-plane vibration and torque variation
associated with constant fuel flow to tip-mounted, pulse-jet "ines durini
forward flight, and (2) feasibIlity of, and techniques required for, mini-
miLing these effects through c7 lic fuel injection.

Proelminary considerationa of the mechanical aspects of •yolio
S el injection have suggested that cyclic valves at the rotor tips may be
used in conjunction with the cavitating rotor type fuel syestm currently
pla&ned for the programfed throttle power contrmL systes. ,ith this arrange-
went, the rotor hub fuel flow would be controlled to match the average power
requirement, and the instantaneous fuel flow to the engine would be modulated
as required for minimum vibration. This modulation might be controlled by
the cyclic motion of the pulme-jet longitudinal axis relative to the rotor
blade tip c-!,rd for free-swiveled engines. For rigidly mounted engines,
the modulation might be controlled by instantaneous pitot pressure at the
rotor tip; or, of course, swiveling vanes could be mounted at the rotor
tip to duplicate the vnlve actuating function of swivel mounted engines.

,,

_J:
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4. C ONCL US O NS AND RECOMMENDATIONS

The work reported in this report is considored to complete Item
14 (1) of the subject contract as it affects the prograimed throttle
power control system. Design fabrication, and tenting of this systemunder Items Id (2), (3), and U) will be initiated upon receipt of appro-
val by the Chief, Power Plant Laboratory, Wright Air Developent Center.
The dvslgn and fabrication of the altitude compnsating unit for this My.-
tme will be subcontracted to a cupetent organization.

Study of a "fully autoiatic" control system incorporating a
speed governor will be continued, with the serricm.e cf a suboontractor
being utilized to the nsaximum extent possible. A detail program for this
study will be presented to WADC upon receipt of the proposaIl whioh have
been solicited from several eontrol companies.

I-
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Ref. I: American Helicopter Co., Inc. Report. No. 195-A, "Pulse-Jet
Helicopter Power Control System Developent - First Quarter-
ly Progress Report", R. W. McJoms, 1 February 1953.

Ref. 21 American Helicopter Co., Inc. Report No. 195-B,, Pulse-Jet
Helicopter Power Control System Developent - SBoond Quarter-
ly Progress Report", R. W. M•Jones, I March 1953.

Bef. 31 American Helicopter Co., Inc. Report No. 195-C-i, *Analysijs
of a Programmed Throttle Power Control System for a Typical
Pulse-Jet Helicopter", L. R. Gutetadt, to be published.
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APPENDIX A

RoEtor Disk Area -TrO t

C? Rotor Power Coefficient~ ~L.Dmnitlu

Cr Rotor Thrust Coefficient1  T Dimnsnionleas

fHelicopter Equivalent, P arasite Dreg Area Ft2

&M~ine Not Thrust Lb..

Gravitational. Acceleration Ft/sesc/eoo

SAnti ads above Be& Level Ft

Rotor System Inertia Slug pt2

Torque Lb .Ft.

R ~ Rotor RadiusFt

t Titr, Seonrd*.

TRotor Thrust or Lift Lbs.

V Forward Flight Velocity Ft/see

VtVertical Flight Velocity Ft/see

VRotor Tip Speed aI.Ft/esec

Gross Weight 
Lbs.

Wf iel Flow Rate 
Lbs/hr

7-Distance of Rotor above grimund Plane Ft

Ratio of Atmospheric Pressure to Standard
S. L. Preoeure Dimensionlefll

-H otor Angtill, Vm1oc':.Y Rad lans/sec
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'- uh~o1 Definition DiuenexonI

e0  Rotor Collective Pitch degrees

_ Atmospheric density 8ju•Ft3

Ratio of Atmospheric Density of
Standard S. L. Density Diaensionless

Rotor solidity- Planform Area Dimensionless
Disk Area

SAdvance Ratio - Forward Speed Dimensionless
Tip Speed

Al
-,° , I
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APPENIDIX B

PRELIMINARY CONTROL SPECMICATION

I, INTROIDUCTORY OOIO4INS

This specification sets forth the characeristi•os desired in a
power control system for pulse-Jet-powered helicopters. Revisions will
be made from time to time during the course of inveetigationm performed
under the present contract with the goal of defining an optiami control
systan considering performance, weight, reliability, and other parameters.
(Items in parentheses apply to the prototype syetem for XH-26 flight tests.)

22, XONTROL PEMO1KANCE REQUIRDIEWS

LL__.G.V ALIZ PMUn RMANE MUIRMW

Thi control shall relieve the pJlot of the task of coordirating
engine fuel flow with changes in power required. Ideally# the control
will correct for all chauges in flight pbth, gross weight, altitude, etc.,
without adjustment by the pilot. If necessary, a caqprniss system winl
be considered wherein the pilot may be called upon to per..-m "trimming"

'. adjustmentsj however, any such adjustments must be small enotgh that they
will require only occasional attention on the part of the pilot.

2.2 ENINIE FUE FLOW

The control system must maintain engine fuel flow between the
lean and rich blow-out limits at all altitudes within the derign operating
range of the helicopter. At the same time, it should permit attainment of
maximum thrust and throttlin3 ranges. On the basis of the operating char-
act 1ristics of current pulse-jet engine, tolerance bands of +10% "an be
es.ahlished for both maximum and minimum specified fuel flows without risk-
ing blowout and without significatn reduction in maximur thrust or thrott-
ling ranges. (For the XH-.26, the nominal rich and lean imits &re at
ap*rzoxiMintely - 20 and 120 lb/hr/engine respectively.)

2,3 ROTOR SI'EMD IUCE•ATION

Steady state regilatior of the rotor rpm shall be maintained
within &5, of tho specificAvcilue for a1.1 operating conditions of the

": ~heli, oT;ýe r

During abrupt minn•uvnrs, translent variations of rpm as great
a-, +i0'9 and -20% wLll 1. t•ilrated provided that no excursion beyound ther'I. h T, ! , t. ror , mn 'r thani fifteen second3.

2.] .. .. T •)f ', IPAT.-

,",, rA on ;r, I I1)v n o prnvid.r the npned re'glllA-
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tion of Section 2.3 above. (For the XH-26, it is estimated ttat the
throttle actuator must reach its fu.ll travel within 0.1 seconds after
the application of a maximum change in collective pitch.,

2.5 STABILITY AND DAMPIN3

The system shall be both statically and dynsmioally stable.
Any oscillatory transients, if present, must be damped sufficiently to
provide a decay rate equal to that of a simple one degree of freedom
system with 30% of critical damping.

2,6 CHECK OUT PROVISIONS

The control system shall be designed so that its proper opera-
tion can be assured during ground operation before take-off.

3.CONTROL .PUYSICAL REQUIM•EMT

For purposes of weight and power specification, the control
system shall be defined as consisting of al]. nmponents over and above
these required by a simple manually control fuel and collective pitch
system.

•' •o CgOUTPHL SYSTEM WEIGHT

The control system weight shall not exceed 1/2% of the maximum
hourly fuel consumption of the helicopter for which it is designed. (The
XV. .26 yrys.cm shall not weigh more than 2.4 lbs.)

3,2 COýNTROL POVUR EQUIPX [MT

The .:ontrol qystem shall not require more thanA% of the maxi-
mum helicopter ruoor horsepower. The control shall not rely on the heli-
copter 3yo•tem for hyrlira c or olectrical power. (The XII-26 system shall
not re.juire more than (0.2 horiepower,)

t !' I_ CEUIAMFD.US UEFJ ThY,.'.P'

Thp tent rol] y.t'u •hall be capable of satisfactory operation
(;vdr thle erA i-re armispb,, l operational range specified ft the heli-
,optc- f,,r w:iich it i.s dsig.ned. (For XII-26; Altiteide =.S.L. tu 10,000 ft,

rTmpordtuir. 0- V, ;.,•. ' • ,

'II S'1'O'A(q; AND 1 •N ,V

Thb. ,:o col ,y's',tem :1lhai be ,nij:ned nrd constructed no that it
<1,'o. 1 O thp, '1 11111t I n .- 'rition without apmeial packing or

! ~ ~ ~ V i NTMh;f'F;/AN7LE

I ;I simplo '<u.d i-hfal I not
:, I 1 : , , . .7: It I �", it I. At-,,, c(iniponanti '5i' 11 N ',

72.
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t ol- -I .'
replaceable in the field by a semi-mkilled mechanic using standard

tools. I

4.4 FUELS

The power control system shall be designed to operate with
aromatic fuel as defined in Specification AN--F-42.

60!
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MODEL XH-26

FUEI SYSTEM RESPONSE RATE

A. PRINCIPLE - Engine noise is an accurate
indicator of engine thrust. Move,, A,-•.

Curve at right showy noise level in , .

cockpit as function of stabilized
engine fuel flow. (Noise below 1200
cps filtered out.) 1 X.

B. TECHNIQUE -- Apply filtered output of

noise measurement amplifier to 1I11

"Brush" recorder. Apply signal fro1
switch on throttle to "Brush" event
marker. Pilot stabilizes fuel flow t 114

at 140 lb/hr/eng. and suddenly opens
throttles; after engines stabilize at
new value, pilot suddenly closes Itoe N.0 1.,b 1,
throttles. - 1h.

C" C. RESULTS Trace below indicates that eigni,'tcant change in engine
cutput begins about. 1.0 second after thrmttle movement, and
stabilized operation is obtained in about 2.0 seconde.

For pirposen of dynamic control response calculations the effective
fueL system lg is tahen to be 1.5 seconds, since the noise level

9s nearing its equilibritun valve at this time.

9imiilar tracei (htained for smaller increments of throttle mowoment
uiditate tOhat the I."K i.me is essgritia' ly independent of the nagIi&-

In;, o f t fo I 's t I, Tflov'lflOelt

D, TR?.ACE .- .ýA i'grn-a 4 •r , cf enrgine nois- level and throttle motion,,

, . .. I -- 4- ---tLS , -"F' • -- ,-__ _ ---• F Z._/ •

, - . - .-,
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