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SUMMARY

Tuel system and rotor system response rates for a typical pulse~jest
helicopter are pressnted. Calculations relating to a programmed-throttle
type power-control aystem ure continued to cover steady state operation
over the entire flight range of the helicopter as well as dmemic perform-
ance during two typical maneuvers. The excellent rssults obtained with
the programing control in these studies indicates the desirability of its
contimusd evaluation. Power Flant Lsboratory approval of the proposed pro-
gram is requested in order that design, fabrication and testing of this

system may be initiated.

Plans for the further study of & "fully sutomatic® control system
and of cyclic fuel injection are outlinad.
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2, INTRODUCTION

This is the third quarterly progress report desoribing work
performed uncer Items 1(d) and 1(e) of U. 8, Air Force Contract Fo.' aF
33(600)~5860, Supplement No. 4. These items oover the develojment of
& basic power control system for pulse-jet powersd helisopters and tne
investigation o. cyclic fuel injection as & means of reducing rotor in-
plane vidbraticn and torque varisation,

The firat report of this series, Ref. 1, contains & genersal
discussion of possible powsr control configurations for pulse-jet heli-
copters without reference to a specific modsl. On the basis of that
discussion, it is concluded that same fom of progrizmed throttle aott-
ation with collective pitch change, (with the possible inclusion of a
simple governor as a trimmer), is the most attrsctive possibility.

In the second report of this serics, Ref. 2, asrodynmic and
power plant performance data for a typical pulse-je%-propelled haliocopter
are presented and cambinsd i:to level flight equilibrium charts. A fuel
flow va collactive pitch schedule is derived from these charts exd &
detajled fuel system is proposed to implement this scheduls.

The present report continues the svaluatlon of the program type
control system and outlines & ) roposed program for the completion of the
subject contract items.
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:3.

3,1 SYSTEM RESPONSE RATES

The oversll rasponze of a typical pulse-jet hslicopter to vari-
ations in throttle position is markedly dJifferent from that of typical
shaft—driven or pressure jat helicopters. The system dingrams-shown bwlow
11lustrate the more Important diffarences. -

TYPICAL PULSE~JET HELICOPYER ---Diagran A

dhrottlo - Ehgijno thrust _ Alirloacs
{Nel line lag /
(;"uselago fuel Engine lagJ Total rotor )
system inertia system inertla

TYPICAL SHAFT-DRIVEN HELICOPTEP. ~~-Dlagram B

('.l‘hrott.la Combuntion pressure Trarsmission .Blude Airloads
b d & shafiing [hinges j
4 4 I o
. . R el el
.' A
< ? ? E
Fuel systam Induction Engine - Hnb Blade
inertia system leg inertia inertaa iriertia
( |
. o
TYFICAL PRES3URE JET HELICO!TER -—-Diagrar C ' =
! o
Gas generatoer  Induction Engine Dueting if'
throttle 3yatom lag inertia Lag T3
\ d g

C punl system " L Combustion Tip iet thrust ri
inertia pressurc / Airloads ~ A

Tip burner lag ’ r!:';

" F{,‘_{J

Tip burner Tip ¥ mer Tctal rotor r 4
throttlae [I'u“l line lag aystem inertia "::E
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In the shaft-driven helicopter, engine combustion pressure acts on
a system of three mssses coupled by springs and dwrpers. The response of
such a system to a step input st the throttle is extremely complicated,
and en sdequate anslyeis will involve the simultanecus solution of a seriess
of diflerantial equations.

In the pressure~jst helicopter, the jet thrust acts directly on
the rotor inertia; but the cambined gas generator and tip-jet fuel ~ysteme
reprasent a complex problem in coordination and respcnse rate. <Changss in
rotor power generally involve scheduled changes in both tip=jeL fusl and
gas generator output; moreover, the gas gensrator response rate is likely !
to be 2low because of tho engine inertia and the ' ong ducts required. C
lysis is obviously difficult,

In the pulse-jet helicopter, only one fuel system is required, and
the engine thrust again acis diroctly on the mass of the total rotor system.
The response of this system tc a step input st the throttle involves only
the fuel systam iag and the rotor insrtis, snd an entirely adequate solution
may be obtained by a simple nurwerical intogration.

The fuel system and rotor system response rates for & typical pulse-
jet helicopter have been detormined and are presented in t he following pars-
gravhs,

3.1.1 Fuel System Reaponss Rate

In the typical pilse-jet helicopter fuel system of Disgrem A, the
lag betwsen throttle movement &nd engine thrust is composed of three effects:

(1) Inertia of the fuselage fusl system (lines, relief valves, sto.l

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

(3) Lag in engine thrust response to fuel tlow changes {being
investigated under cyciic fuel injection a_tudy).

Since both engine thrust and engine noise are functions of the pressure
wave action within the engine, it is assumed that engine noise lavel is an
accurats indicatur of instantansous engine thrust. Om the baais of this
assumption, an experimental evaluation of overall fuel system lag has been
porformed and is summarized in Fig, 1. The results shown indicste that
about 2.0 seconds are required for the engines to reach stabilired operation
following a rapid changs of throttle position. This value of overall system
lag 1s in close agreement with the 2.1 aecond rotor fuel 1ine lag calculated
in Ref. 2, which suggents that the fuse'age fuol system und engine thrust
1ngs may bo negligible. Furthsr investigations of the responme of modified
ayatems are plannad; however, the prossnt rasulis are consldered to repro-
aent the o rall performance of the banic X11-26 system. Tha responses to
step throctie changes of varlous magnitudes were measured, and the effect

of ntap magnitude on lag Lime was found to be negligible.
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3.1.2 Rotor System Response Rate :_
In the typical pulse-jet powerad helicopter, the ebaence of pri- .l.'_.
mary power transmission ihrough the hub resulte in the selection of a :
tester-mounted, rigid rotor. Since blade airloads, angines thrust and Rh
rotor inertia are concentrated at, or near, the blade tips, blade chord-
el wise elasticity can bs neglected; and the entire rotor system inertia can oY
be taken as & lumped constant as illustrated earlier in Dlagram A. As a Lo
point of interest, the engines and asaociated sttachment fittings constitute .-:'_
approximately one-half the total rotor system inertia on the XH-26. ‘. .
The rotcr system responmse rate of tho XH-26 18 presented in Fig. 2 Y,
as a family <f +¢ip 9pasd  time histories for various increments of T
pulse-Jet thrust above or below the amount required for stabilised operation o
N at the instantanecus tip speed. A typicsl conclusion which may be drawn Yot
from this figure is that 410 1b/eng. thrust error, (about 25% of the rated 3
p )

=ngine thrust), can exist for about 2,3 seconds without the rutor tip speed
exceeding the #5% steady state error specified in Ref. 1j moreovsr, this

same thrust error can exist for iwore than 5 meconds withou:! cauvsing the tip ::".. .
speed Lo exceed the +10, -20% transient error tolerances. :.{ -
!\ '
B Results obtalned from Fig. 2 are highly conservative, since in ."
( ) a~tual flight any srror in engine thruast is reduced as the tip speed changes. I
| In fact, for most reasonsble arrors in throttle setting, the power available 2
and power recuired curves will intersect before dangerocus spesd errors are ,.-.‘
encountered. This stabilizing effect will be discussed further in the fol- R,
lowing paragraphs. . -;‘\ i
.
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3,2 PROGRAMMED FUEL CONTROL SYSTEM

The analyses reported in this section are considered to camplete
the study nhass of the programrad throttle fuel control system. Fuel flow
¥vs collective pitch echedules haws beaen obtaired for all normal operating
conditions of the heliccprer; the dynamic behavier of the helicopter with
the program type control inatallad hae besn calculated for two typleal .
maneuvers; and the power control specification has baen amendad to dofine
the detail requirements for a prototype system for XH-26 flight tests.

According to the work statement of the sublect contract, t hsa expen-
diture of funds and effort shall not exceed that required for satisfactory
completion of the study phase until approval has besn given Ly the Chief,
Power Plant Laboratory, Wright Air Developmeént Center. Ynen receipt of
such approval, design,fabrication snd testing of a programsmed throttls
control system will be initiated.

The altitude campsusating slement of the contrcl sysiem will be
subcont.racted to a competent manutacturer (one satisfactory proposal has
already been received). The remainder of the systom will bs fabricated
by the American Helicopter Co., Inc., using standard c: .jonents wherever
practicable. The altitude element, which will be the most expensive com-
porent of ths system,will be immedietsly appiicable as % rich and lean
limit control for & governed throtile system if subsequent ocmparisona
indicate the desirsbility of such a system.

3.2.1 Schedule Rafinement

The preliminary fusl flow vs cqllective pitch schedules of Ref. 2,
Fig. 9, have been revised and extended to covar the smtire operating range
of the typical pulse—jet heiic pter(XHa26), The revised achedule ia pre -
sented in Pig. 3 of the present report. The normal, or detent, positicr
of the programming cam has boen selected to embrace the maximm mumber of
opsrating comditions. With the cam In the dstent, the halicopter can be
flown through many maneuv s srs without pilot trimming ana without exc~ssive
errors in rotor speed. For certain extremo mansuvers, the cam may be
shifted slightly as indicated by the dashed positiong howevar, the rotor ¢
inertia is sufficlent to prevent rapid changes in rotor speed and leimurely “g - ]

pilot action will suffice. iy

R A PR A R A R bnad

S
5

Although a definite answer 1s preciuded by tne approximations
involved in the calculations, it 1s entirely possible that the helicopter
can be flown throughout its opsrating range with the cam in the detent
without encountering dangarous rotor speed arrors. If this possibility
1s substantlated by flight test. data, Chere will be 1ittle quastion that
thes programmed throttle system is optimum for helicopters of this type.

.
;

-,
»
o

3:2,2 Dynanic Parformance e

Dynimic performance calculationa for the programmed throttle con- . :‘
tr 1 1n-1-11ad in the Y34 el icopter during two maneuvars ara reporied -
in Haf. 1 and ara ammng (20d harein. .
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2,) Horisontal Tull-up - Four horisortal pull~ups (rapid
transition from forwerd flight to hovering flight) are analymed in Fig. 4.
Yor the first case, the fuel system lag is taken as 1.5 sasconds (fr= Fig.
1) and forward spaad e reduced to sero in 10 seconds. Even though the
programuing cam reduces throttle fuel flow to the lean limit wvalue at t~O,
the 1.5 second lag between throttle and engines ip sufficient to cause
intolerable overspeed within 2 seconds. This result indicates clearly the
necessity for reducing fuel system lag, since only Ur means of anticipator -
throttle movement by the pilot can the helicopter be flown safely through
this maneuver with the present fuel lag time.

Acting on thes assumption that the fuel system lag time can be
reduced to 0.5 saconds, ceses 2 and 3 are shown for 5 second and 10 second
pull-up time:, In each case, the maximum rotor irensient overspeed is lesa
than 10%, end the final equilibrium tip spesd is only 3% below the ncminal
value of 425 fpe,

To complets ths ev-luation of fuel system lag time, case 4 was
preperyd using serov lsg and 10 second pull-up time. This case is identi-
cal with 3 except for the lag time, and it is intereating to note that the ﬁ
naximum cverspesd is not appreciably affected by this 0.5 seccnd charge in
lag time.

-
=

Sl

During the first portion of a horisental pull-up, the programming *
control has parfect action since it reducses throttle fuel flow to the lean
limit value at thes instant that collective pitch is lowered to sero. The
rulse~jot. engimms acctually produce negatiwve thrust during the firet portion
of the maneuver and the rasultant rotor overspeed is caused by autcrotational
air forces on the rotor. A governor type control must have sxtremely rapid
response to spsed errors 1f it is to provide sstisfactory throltle control
durihg this mansuver.

In view of t} . fact that a perfactly responding control and a
zero lag fuel system wiil 2llow t' e rotor spesd to bs ocutside the +5% steady
stale tolerance band for approximately 8.5 sesconds during a horizontad pui -
up, it appears reasonable to modify the tentative conlrol specification
(Ref. 1, page 4. Item 3,2.3) to allow excuraions besyornd the +5% band for
periods up to 15 mseconds.

In spite of the rotor spesed varlations shown. the pulse-jiet
nelicopler glves an excellent secount of itself in the horizontal pull-
up as compared with a t ypical shaft driven helicopter with its low rotor
inertia and orverrunning clutch. In shart driven helicopters, it is fre—
quently jmpossible to perform this maneuver without gaining altitude end/
or cavsing the rctor to unclutch and overspeed. !

i o
3.2.2,2 Dagggndingr_}‘gll—up - Four desceriding pull-ups (transition (:'.i
: ; from forward descent. to hover; are described in Fig, 5. In all cases, the SN

initial rate of descent is 500 fpm; the variables are transition load fac-
tor »nd presence or ahannca of ground effect during hovering. The 0.5
sacond Zusl systen leg found ns« assar- for satisfactory performance of the

.
- TE Y
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1 horizemtsY pull- ap was used throigs these calculations; it is folt that a A
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lag time of this magnitude can bs achiseved by the means outlined in
Ref, 2, pagse 8.

Although this maneuver appears more violent than the horizontal

pull-up and probably does call for more rapid adjustments of collective

and cyclic pitch, it turns out to be less demanding on the fuel control

sysi sm. There is no tendency for the rotor to overspeed with the program-
ming control, Moraover, even if the cam is left in its original position
{see Fig. 3) and the final hover 1s outside the groundeffect, this stabilized
tip speed is less than 15% below the nominal value and can by corrected at
the pilot's convenience by the simple expsdient of placing the cam in itm

normal det: nt.

As & result of these stud'as, it is apparent that the response

rate described in the preliminary spscification, Section 3.2.4 of Ref, 1,
is based on an unfortunate choice of maneuvers. A more sdequate response
rate requirement based on the horizontal pull-up has been incorporated in

the revisad spacification.
3.2.3 Revised Control System Specification

) The preliminary power control system specification of Ref. 1 has
( , been revized to incorporate previoualy mentioned error and responss rate

- limits and to reflect comments recsived from the Power Plant Laboratory at
Wright Air Development Center. The revised specification is included as

Appendix B to this report.
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3.3 "FULLY AUTOMATIC" CONTHOL SYSTEM.

The final selection of an optimum power control system for pulse-
jot helicopters will jnvolve consideration of factors such as reliability,
accuracy, cost and weight. The design characteristics and intended fuact-
jon of a given helicopter model may affect the cholice of control systems,
and it would be most umusual if & single =ystem proves to be op: ‘mum for al?
applications.

The programmed throttle control ~vriocusly warrants contlnued
development because of its pimplicity, st: lity, and apparently adequate
accuracy. However, it also appears desirable to evaluste the potential
performance of a more elaborate system, even though such a system may not
be indicated for a simple helicopter like ths Xi-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 & system
may involve considerable complexity. This 1s termed the "fully automatic®

system,

The "fully automatic™ control system study will be primarily
concerned with the incorporation of scme form of speed governor; however
it will also include consideration of items such as automatic engine start
sequencing ard sutamatic engine thrust maximiring. It 13 the intent of
thi~ Contractor to subcontract at least tha' portion of this work which 18
associasted with the speed governor; therefore, four competent organizstions

active in the sutomatic control field have been invited to sutmit proposals.
A sumrary of the jproposals received as well as a racommended course of
action on this program will be forwarded to Wrignt Air Develomment Center
follcwing receipt of replies from the organizations contacted.
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1
3,l, FUEL FLOW BENCH ]
The fuel flow bench has been ccnpleted and has been checked out 1
on tests of fuel pumps, relief velves, throttles, accumulators, and other
fuel system components. A photograph of the bench is included below; a
schematic diagram of the bsnch mey be found in Ref. 1, Fig. 1 1
4
3
‘J
b
i

X A NS T
RN IIAAIY

4

1 : ~ " S
te + ; . . .
k:_'_,h' B e IR,
Lo

1

'R G gEL Y B ¢

RACE

Zalalx

Py

A

.-.'x a

TeTx
2 u?

LY

Bl

2l



W e s " d N OB PPyt i T P ™l 2

e ————— e

e T >

ETRICTED

ot det'/2 L/ il A BT 4 PAGE 12

mamasilam  atatm  cavir o ZaeA. anrimma

e

3,5 CYCLIC FUEL INJECTION

Tests to obtain the additioral basic power plant data raguired
for a oconclusive analysis of cycilc thrust effects cn helicopter perform~

ance are currently 1n progress., The specifio quantities being determined
are:

(1) variation of pulse-jet thrust with ya» angls, and

(2) respones of the pulae-jet engine to rapidly varying fuel
flovw. -

Ua results of tlhess tests, analytical work will be contimued
to definet (1) ths extent of rotor in-plane vibration end torque variation
associated with constant fuel flow to tip-mounted, pulse-jat engines during
forward flight, and (2) feasibllity of, and techniques required for, mini-
micing these effects through c; lic fuel injection.

Preliminary considerationa of the mechanical aspects of cyolic
1 01l injection have suggested that cyclic valvea at the rotor tips mey be
used in conjunction with the cavitating rotor type fuel systsm currently
planned for the programmed throttle power control system. /Ath this arrange-
ment, the rotor hub fuel flow would be controlled to matoh the average power
requirement, and thes instantaneous fuel flow to the engine would be modulated
as required for minimos vibration. This modulation might be controlled by
the cyclic motion of the pulme-jet longitudinal axis relative to the rotor
blede tip ebord for free-swiveled engines. For rigidly mounted engines,
tha modulation might be controlled by instantaneous pitot pressure at the
rotor tip; or, of course, swiveling vanes could be mounted at {he rotor
tip te duplicate the valve actuating function of swivel mounted sngines.
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4, CONCLUS .ONS AND RECOCMMENDATIONRS

The work reported in this report is comsidored to complets Item
24 (1) of the subjact contract as it affects the programmed throttle
power control system. Dasign, fabrication, and testing of thia system
under Items 14 (2), (3), and {1) w111 be initiated upon receipt of appro-
val by the Chief, Powar Plant Laboratory, Wright Alr Development Center.
The design and fabrication of the altitude compensating unit for this sys-
tme will be subcontractsd to a competent organisaticn.

Study of a "fully automatic" control system incorporating a
speed governor will be continued, with the services ¢ a subcontractor
being utilized to the maximum extent posaible. A detail program for this
study will be presented to WADC upon receipt of the proposals which have
been solicited from several control compenises.
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APPENDIX A

Nomenclaturs

Symbol Lefinition
g 9
A Rotor Disk Ares - TR
‘ F
Cp Rotor Power Coefficient, (’W

Cy Rotor Thrust Coefficient, ?_ﬁm

v Engine Ket Thrust
8- Gravitational Acceleration
Alt1 ude abova Sea Level
Tedter Rotor System Inertia

Q Torque

r Rotor Rudius

t Time

T Rotor Thrust or Lift

v Forward Flight Velocity

V(.- Vertical Flight Velooity
v, Rotor Tip Speed = 1T
w Gross Walght
"tel Flow Rate

Distance of Rotor above griund Plane

8. L. Presnure

Rotor Angul-v Veloci:y

£ Helicopter Equivalant }:aruito Drag Area

Ratic of Atmospheric Preassure to Standard

Dimensions
n2
Dimensionless

Dimensionlesas

Dimensionleas

Radlans/sec

.

_— o ’
v - Y e
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Atmospheric denaity

Ratio of Atmospheric Density of
Standard S. L. Density

Rotor solidity = Planform Area
sk e

Advance Ratio = Forward Speed
Tip Speed
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Symhol Definition Dinensions
Rotor Collective Pitch degrece

Slug/re>

Dimensionless

Dimenaionless

Dimensionless
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APPENDIX B

PRELIMINARY CONTROL SPECIFICATION

1. INTRODUCTORY COMMENTS - .

This specification sets forth the charac.eristios desired in a
power control system for pulse-jet-powered helicopters. Revisions will
be made from time to time during the course of inveatigations performed
under the presant contract with the goal of defining an optimm control
system considering performance, weight, reliabllity, and other parsmeters,
{Items in parontheses apply to the prototype system for XH-26 flight tests.)

2. CONTROL PERFORMANCE REQUIREMENTS

2,]1 GENERALIZED PERFORMANCE REQUIREMENT

Ths control shall relieve the pilot of the task of coordirating
engine fuel flow with changes in power required. Ideally, the control
will cerrect for all chauges in flight psth, gross weight, altitude, eto.,
. without adjustment by the piiot. If necessary, a compromiss system will

(“ , be considered wherein the pilot may be called upon to pericm "trimming”
- adjustments; however, any such ad justments must be small enough that they
will require only occasional attention on the part of the pilot.

2,2 ENGINE FUEL FLOW

The control system must maintain engine fuel flow bstween the
lean and rich blow-out 1limits at all altitudes within the decign operating
range of the helicopter. At the same time, it should permit attaimment of
maximum thrust and throttling ranges. On the basis of the operating char-
act wristics of current pulse—jet engine, tolsrance bands of +10% can be
enl allished for voth maximum and minimum specified fuel flows without risk-
ing blowout and without significatn reduction in maximw thrust or thrott-
ling ranges. (For the X-26, the nominal rich and lean imits are at

approximately .. We = 2,0 and 120 1lb/hr/engine respectively.)

2,3 ROTOR SEEED REGULATION

Stendy state regulatior of the rotor rpm shall be maintained
within 35 of the specificivalue for all operating condit ions of the
helicopter

During abrupt maneuvers, trensient variations of rpm as great
as +10F and -20% will 1+ tol-rated provided that no excursion beyound the
{ 1'.5 hapd peprajata for ¥ nper than fifteen seconds. )

2.,__RUSPONSS RATY

The re on e rate stall be adequote *o yprovide the apond regnla-
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tion of Section 2,3 above. (For the XH-26, it is estimated t..at the ,
throttle actuator must reach its full travel within 0.1 eeconds after o
the application of a maximum changs in collective pitch., N

2.5 STABILITY AND DAMPING

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

2.6 CHECK OUT PROVISION3

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

3. CONTROL PHYSICAL REQUIREMENTS

For purposes of weight and power specification, the control
aystem shall be defined as consisting of all nomponents over and above
thease required by a simple manually control fuel and collective pitch
system.

3. . CONTROL SYSTEM WEIGHT

The control system weight shall not exceed 1/2% of the maximum 1
heurly fuel consumption of the helicopter for which it is designed. (The
XH. 26 aystem shall not weigh more than 2.l 1bs.)

3.2 _CONTROL POWER_EQUIFMENT

The control svstem shall not requ’re more t.han-'y_i of the maxi-
mun helicopter ro.or horsepower, The control shall not rely on the heli-
copter system for hydraulic or electrical power. (The XH-26 aystem shall
not regquire more than .2 horasepower, )

. PISCELLANFOUS WEQUTMCNTS

The contraol ayasten =hall be capable of satisfactory operation
over the entire atmosphoric and operational range specified f¢  the heli-
copter for which it 15 designed. (For XH-263 Altitode =S.L. t¢ 10,000 ft,

Temperatare « O L 126 FU)

b STOMAGE AND HANDY T

The cortrol cvstem shall be  silgned and conatructod so that it
may te sto- 1, abhiypped, and piaced in peration without apecial packing or
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L., FUELS

aromatic fuel as defined in Specification AN-F-42,

replaceable in the field by a semi-akilled mechanic uuing standard

The power control syatem shall be designed to oparato with
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MODEL_XH-26

FUEL SYSTEM RESPONSFE RATE

A, PRINCIPLE ~ Engine noise is an accurate -

indicator of engine thrust, Moo MRS '

Mosa Lever

Curve at right shows noise level in 16| 2% —=
corkplit a3 functicon of stabilired

engine fuel flow. (Noise below 1200

cps filtered out.) 1. -

B, TECHNIQUE -- Apply filtered output of
noise measuremerit amplifier to
"Brush” recorder. Apply signal from
switch on throttle to "Brush" svent
marker. Pilot stabillzes fuel flow
at 140 1lb/hr/eng. and suddenly opens
throttles; after engines stabilize at
new value, pilot suddenly cloases uon° e v 740

throttles. Wy ~ /), lnua

Ha

r3

Naisz Lave.~ desibels

’ C. RESULTS - Trace below indicates that signi.lcant change in engine
cutput begins about. 1.0 second after thruttle movement, and
stabilized operation 1s obteinad in about 2.0 secbnde.

For purpcses of dynamic control response calculations the effective
fuel system lag 1s taken to be 1.5 seconds, since the nolse level
19 nearing its equilibrium valve a% this time.

Similar tracex chbtained for smaller increments of throttle movemert
mndicate that the lag *lme is esggentia” !y independent of the magiai-
tude of the the- tt 1a movement.. ’

D, THACE . 0..{1legrapn trice of engine noise lavel and throttle mot ion.,’—/'
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