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NATIONAL AERONAUTICS AND SPACE ADMINISTRATION

TECHNICAL NOTE D-3L

AIRPLANE AND ENGINE RESPONSES TO ABRUPT THROTTLE STEPS

AS DETERMIINED FROM FLIGHT TESTS OF EIGHT

A-162

JET-PROFELLED AIRPLANES

By Maurice D. Wwhite and Bernard A. Schlaff
SUMMARY

As a part of & generalized landing-approach investigation, determi-
nations were made of the dynamic responses of a number of airplanes und
engines to abrupt throttle steps. For the thrust levels above about
80 percent of design rpm to which the tests were mainly confined, the

- thrust responses to small-amplitude thrust changes (5-percent change in
£ rom) were representable by a first-order dynamic response (1 - e=Ct) in
§; most of the cases; the exception used variable exit-nozzle area and

fj - temperature rather than engine rpm as a primary englne variable. For

N larger amplitude steps, the thrust variations departed siguificantly
from that of a first-order response for some engines; while the di. ference:
from the first-order response would probably not bte a serious factor in
approximating engine resvonse characteristics for landing-approach
similations, they might be significant for other applications. Engine
dynamric resronse characteristics were not a limiting factor in carrier-

~ type approaches where the characterlstic small throttle movements would
i be associated with small time constants; this conclusion would not apply,
- however, in low-power tactical-type approaches. Similarly,in wave-offs
if ’ from carrier-type approaches, the engine dynamic responses were rapid

o enough that this factor dicd not limlt approach speeds. Responses of the
various test airplanes to throttle steps were different in the degree to
which normal accelerations developed as a result of trim changes due to
thrust. - R :

INTRODUCTION

The Ames Research Center of the National Aerconautics and Spuace
Adrministration has been conducting a general study of the problems of
the landing approach with severzl objectives. These include the
identification of the factors that limit the approach speed (ref. 1),
- ' the development of means for decreasing the approach speed (ref. 2 and

poundary-layer control studies), and the developrment of criteria for
predicting the approach speed. As noted in reference 1, the throttle




may be used by the pilot as an important means for controlling altitude
precisely in constant-speed types of approaches. Consequently, the
dynamic responses of the engine and the airplane to throttle movement
are significant during this type of approach. For this reason, these
characteristics were documented in flight for a number of the airplanes
tested in the aforementioned program, and the results are presented in
this repgrt.

NOTATION

exit area of Jet nc:zle, sg f;

longitudinal acceleration, units of gravity, g
normal acceleration, units of gravity, g
arbitrary constant

gross thrust, 1b

uncorrected gross thrust as determined from single probe in tail
pipe :

net thrust%, 1b

ram drag, as defined in equation (1), 1b
nozzle coefficient

static pressure, 1b/sq Tt
dynamic pressure, lb/sq ft
engine revolutions per minute
thrust, 1b~

absolute temperature, deg
meximum thrust at sea level, 1b
time

velocity, knots

landing weight of airplane, 1b
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Wa " mass flow of air through engine, slugs/sec

a angle of atteck, deg
7 rate of change of flight-path angle
5. , elevator angle, deg

S throttle position

6 ratio of absolute temperature at inlet to absolute temperature at
sea level for standard conditions

P atmospheric density, slugs/cu ft
Subscripts

o] standard condition

S stall

tail-pipe location

3

AIRPLANES AND ENGINES

Dynamic response charecteristics were determined for eight fighter-
type jet-propelled airplanes; the FJ-3, FiD, FOF-6, F-86A, F-86F, F-9iC,
F-84F, and FTU-3. A two-view sketch of each of the airplanes is shown
in figure 1.

The engine model and series designation for each of the airplanes is
given in table I together with the type of fuel regulator. The engines
were of axial-flow compressor type except for the J-U48 engines used in
the FOF-6 and F-94C airplanes which are centrifugal-flow compressor types.
The J-57 engine installed in the FiD-1 airplanes is of the twin-spool
type. Three of the engine types had afterburners, but the afterburners
were not used in any of the tests reported here.
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INSTRUMENTATION
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I M Y.

Standard NASA recording instrumentuation wus used to record aircspeed,
altitude, normal and longitudinal acceleration, nngle of atiuck, throttle
position, and tull-pipe pressure. Conventlonal techniques were used to :
caulibrate the recording sirspeed systems in the F7U-3, FeBbA, F-U6F, FLD,
and FJ-3 airplunes. No airspeed calibrations were —ade for the FyF-0,
F-94C, and F-84F airplanes; for these alrplanes, nose~-poom installations
with static-pressure sources approximately 10 feet ahead of the nirplune
Oses Welt abuuntd W pruvide sitabdlc pressure wil' uo appreciable ooiof. ¥

A single tailepipe probe, whici was used as un engine thrust indicne-
tor in ucecordance with reference <, was callbrated stutically by w. of n
ground thrust stand for each of the installut’onsc. ;

Engine rpr, tall-pipe temperature, und fuel weight were obtained
from the alrplane standard indlcators by using n movie cuameru to photo-
gx‘upl the instrument anel.

Dyma=.c Response Characteristics of Instruments ;

Since the present tests were conduct'd only incidentally to the
landing=aspproach stulles, no special instimentuation was installed to
minimize the lag of the recorded values. . brilef estimate of the dynumlc
response c.zracterlstics of the insiruments used to define engine
performuance follows:

(4} Tail-pipe pressure: The natural frequency of the recorder wu:c
about 200 cycles per tsecond, which would introduce n-gligible time lugs ;
for the effective frequencies of the pressure responses. For the lengths !
of tublng used in the pressure lines, the maximun lags were estimated to ‘
be sbout 0.0l second, based on the prucedures of reference 4. The
resultant lag of the recorded values of tail-pipe pressure, the primury
indicutor of thrust, is therefore considered negiigible.

ST

(b) Tgil-pipﬁ temnerature: The time '\ngv nagociuted with the nirtlane
indicating systems used for most of the test ilrplanes were relatively
high, of the order of 2 to 4 seconds., However, sumple culculuations
iadicute that the computed thrust variations ure not particularly sensitive
to errorc in recorded temperature, being of the order of 1 to ¢ percent

of the lncrement for the largest errors thut were estimated to have
oceired. This lag effect was considered small enough to Justify its

neglect in the dutu evuluation.

pr=s 2
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(c) Engine rpm: Laborstory tests of typlcal service indicators
showed the indicator to lag step changes in voltage input from 80 to 100
percent of design rpm by 0.6% recond, 8and step changes in voltage input
from 100 to 80 percent of design rpm by 0.9 second. These flgures
represent moderute time lngs, for which no attempts werc made to provide
corrections. It will be noted, however, that these messurements are nob
used in any of th. calculutions, but are presented only us time histories.

TESTS

A nerles of throttle steps was made with euch of the airplunes, over
u range of step amp.itudes for increusing and decreusing thrusts. The
ulrpiunes were in the landing-approach configurations, and the tesis
vere conducted with fixed controls at approximuately the landing-upprouch
speed tor each alrplune., The test altitudes ranged from 200G to 800
feet.,

For most of +he alrplanes the tests were confined to the thrust
range from 80 to 100 percent of design rpm, with thrust increments
corresponding to rpm changes of %, 10, 1y, and 20 percent of design rpn.
A vrouder range of englne thru:ts wus covered on one of “he airplunes,
the F-86A, the =ngine tect rpm runglng from 4 to 100 percent., For the
Fyr-6 nud FTU=3 uirplanes the program of runs was not us systematic us
it was for the other ailrplanes which were tected subsequently.

Some of the airmlanes were evaluated in wave-off maneuvers. For
these tests carrier-type lending epproaches were made at a numver of
approack speeds. From these upprouches, wave-offs were made with slow,
intermediate, and normal throttle advances. These tests were conducted
by several pilots at a field carrier-landing pructice fucility malntalnec
by the Navy at Crows Landing, Callifornis.

Some of the test airplunes were ejuipped with afterburners but the
afterburner: were not used in any of the tests ~eported herein.

RESULTS
Static Thrust

The vuriutions of thrust with corrected rpm for the test erngines aw
determined from thrust-stand meansurements at seu level are shown in
flgare 2. Duta for the FTU-5 airplune are omltted from figure © because,
az lndicated luter, the thrust vuriutions for this nirplane do not lend
theuselves to this type of presentution. The data are presented as the

ok
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ratio of thrust to maximum thrust in order to show the degree to which
one approximate curve might serve for generalized studles. The data for
the single-spool engines G0 vhow some conslstency, but 1t is5 apparent
that the legitimacy of such an approximetion would depend on its intended
use, The twin-spool englne (FLD) shows conaidersble disparity from the

others.

Throttle Steps

Typlcal responses (. the engines and the airplanes to abrupt step
movements O the throttle are showa in Lime Listory fomm in figuxes ) o
10. The throttle position, indicated engine rpm, net thrust, und longl-
tudinal and normal accelerations are shown for each airplune for throttle
tteps from 80 to §%, 80 to 100, 100 to 80, and 85 to 80 percent ot design
rpm. For several of the alrplanes, the F7U=3, FYF=6, und the F-BOA, dntu
were not obtained for the precise ranges designnted, and the time historico
are for ranges most nearly approximating them,

Values of the net thrust, Fy, were determined from the followling
equation:

Fy = Fgcos a = Fpyy (1)
where
Fg = kFg' (")

and k 4is the nozzle coefficient determined from thrust stund testo.

The values or r"g' and Fo.. were obtained from the relullouships glven
in reference 3.

F_ ' , w,J Te

Unlike the other alrplanes the throttle pesition for the F7U-:
alrplune 1s plotted in terma of percent of maxdmum thrust uvailuble, the
relationship of the throttle position to thrust being obtuined from steady-
state flight data at an altitude of about “000 feet. The difference in

throttle peciticn presentation was reaqudred hecmuse of the fuct that in

the runge of englne thrusts applicable to the crrrier-upprouch condition,
the engines of the FTU-34 were operated at constunt rpm and the thrust wao
modulated vy changing fuel flow and exdtenozzle ureu to alter temper:ture.
Engine date for the FT7U=3 airplane are presented for only one of the two
engines installed In tle airplune; the alrplune responses correcpond to
thrust changes of both englnes.
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Data were recorded for the F-94C ualrplane at alrspeeds of lLO and
160 knots. Since the response characterlsgtics were found to be nearly
identicual at both speeds only the data fo: 140 knots are presented.

It will be noted in figures 3 4o 10 thal uvccusionally there wuc o
dilfference between the indicated engine rpm and the rpm setting of the
throttle at the beginning of the time history., Possible explanations for
these differences would include play or backlash in the throttle system
linkage, and differences in altitude between the test runs and the
calibration curve for the throttle position.

DISCUSSION
Basic Engine Characteristics

The bnsic churacteristics of conventional jet englnes are such that
“he maximum allowable accelerations in rotation are limited ms a function
of the rotational speed (rpm). Stalling of the blades of the compressor
is an important consider.tion in defining the limiting positive rotational
accelerations, and flame blowout in defining the limiting negative
accelerations. Fuel regulators ususlly schedule fuel so that engine

operation will approach but not croas the boundaries established by thece
conslderatione,

Engine thruct responces at high thrust levels.- The actual thrust
responses achieved in service installations as & result of these restrice-
tions are indicated by the date shown in figures 3 to 10. The thrust datu
show the quantita.ive time constants that prevail as a result of the
qualitative limitations indicated above. The results are confined to
thrust levels which cover the ranges of values that are <enerally used in
currier-type approaches - above sbout 80 percent of design rpm for most of
the alrplanes. The restriction to this range of values was established
on the bausis that the pilots use the throttle ac a basi- altitude control
resinly in this type of approach, so that the dynumic response characterise
tico were consldered to be of significance only in thie range (ref. 1).

In the tactical type of approach described in reference 1, the englne 1is
operated aut low thrust levels vhere the dyna.4~ responses sre very slow,
so t.at the pilots dn not completely rely on obtaining a particularly
tfast englne response, Quantitative values of engine time constants would
not be of as much interest for such operatiorn,

The results in trigures 3 to 10 indicate thut there are varistions
in the responses of the different engine and fuel regulator combinations
that preclude u simple general deacriptlon. For practicul purposes the
responses of all the englnes to steps of smull amplitude (l- to Z-percent
englne rpm) nre describible as s first-order responze (1 - e=Ct), mis

S e iro an e o




indicates that, us would be expected, at small amplitudes the ruel
regulation does not greatly modlify the basic cheracter of the response
of the unregulated engine, vhich may be assumed us flrst order (ref, ).

The responses to increasing steps of large amplituwe vary considerably
between englnes, Plots of the variations of thrust with time show a
decreasing slope with time that approximates a first-order response for
the F-84F and F-86A airplanes. A relatively uniform slope is shown for
the F-0LC, FYF-6, F=-B6F, FLD, and FJ=3 airplanes, For the F7U~3 airplane
the thrust appears to lag the throttle movement by u simple time lag.

A point of interest in connection with the forewoing comparison,

which should also be borne in mind with regard to th: following dicscussion,
ic the role of the fuel regulator in defining dyna c r:sponse characteric=-
tics. Tt will be noted ir table I that several of the airplanes included
in the investigation huve the sume basic engine designution but different
fuel regulators; for example, the FYF-6 and the F-9LC beth have J=iif
ene;‘l.neb, the F-86A and the F-86F both have J-4T engines, and the FJ=3 und

T-8LF both have J-65 engines., Yet, a review of the response characterisa
tics Just described shows no cor.siatency in response for the same englnes.
While some differences in response for comparsble eungines may be due to
the engine differences associated with the dash designations (YJ65-Wh
versus YJ65=WlA), it 18 more likely that the differences in fuel reguls-
tors ure the cause, Accordingly, when dynamic response characteristics
nre, for convenlience, described in terms of an engine (or airplane), 1t
should be recognized that the fuel regulutor is also an important variasbvle
wnong the different configurations.

Another characteristic which differed wnmong the englnes wus the
relative response for decreasing and increasing thrust changes, Generully,

responses were more rapid for decreasing than for increussing thrust chunges,

which 1s probably s consequence of the fact that the considerations that
dnit the accelerations in the two directions are not the same. Exceptions
in this regard were the F-84F, the FLD, and the F7U-3 for which the
decreasing responses were about as rapld as the increasing. For the latter
two alrplanes the responses for increasing thrustc wvere so rapld as to
leave little room for increase in rate for the decreasing ihrust changes.

Several of the engines exhiblted unusual variations from the general
pattern of response that bear mentioning although they were in no case
important enough to prompt pilots' comment.s. The initial abrupt thrust
increuses shown tor the FIF=0 and r-oor, the oversuoot in thrust {5 ths
F=86F and FJ- -3, and the initial dip in thrust for the F-94C when stepping
from the lower thrust levels would be included in this cutegory.

Engine time constants at ligh thrust levels.=- Flgure 11 rhows the
veriations of the effective time constant of the engines with the amplitude
of the thrust changes for those englnes for which significant data were
uviallable., The effective time constant 1s defined here as the time

-
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interval from the initiul throttle movement to the development of €4

percent of the final steady~state thrust, which is rouwghly equivalent to
. the time constant for o firsteorder response. It 1s posoluly stretebing
¥ & point to aesign a first-order time constant to some of the responses,
: but it 15 done here ac o matter of convenlience,

1y - The data of figure 11 show reasonably consistent vuriations in the

- ‘orm plotted and straight-line fairings would appear to be scceptable
approximations to the data. It 1s of interest {in this regurd to note
that attempts to plot the time constant agelanst the mean rpm of the step,
as was done in reference 6, led to much more scatter of the dutu, In
contragt with the results of reference 7 which showed u decreuse in “ime
congtant with increausing amplitude, the present results show no change or
an in~reasing time constant with increasing amplitudes of thrust, ¥%uoth
of the above differences are probably attributable to the effects of the

m
! fuel regulators which were not included in the tests of references  nnd 7,

i

As already noted the time constants for decreasing thrusts were
usually less than those for increasing thrustc.

In general it appears {rom these results thut the assumption of u
linear variation of first=order time conctrunt with amplitude of thrust
change would be u reasonable one to use for most cimulator studies
involving pliot operation of the alirplane,

e

Engine thrust responses at low thrust levels.- For one of tne test
airplanes, the F-GOA, engine response; were documented over a much. wider
e range of thrust levels. Fligure 12 shows the time required for the engine
to develop maximun thrust as o function of initiul rpm, the time for firct
croesing of the final steady=-state value being used in cuses of overshoot.
(This time interval, it will be noted, differs from the effect’se time
constant used in preceding tigures; the thrust variations witht time are

-y
;eé' 60 completely different from a first-order response for the “ower rpm
levels that a first-order responce approximation would be unreasonable.)
ni i
; The results chow that for the lower viulues of initial rpm, the timec
ser ; required to attaln muwximam thrust are very long. Furthermore, the

required times are much greater than could be predicted from an extrup-
olution of u linear varlation of time constant with thrust amplitude,
This indicates a lirdtation in the range of applicability of linear time-
constant variations which should be considered in their use, lnpublished
éntu for other engines of the same vintage confirm the trenls shown in

figure 12,

Further confiruation that linear variations of time constant with
) thrust amplitude may not be spplicable at low thrust levels is given by
. the dutn of figure 135. These data, which show time histories of thrust
response for a series of sma 1 amplitude throttle steps, indicate that eve:
1de for thrust levels as high as TO~-percent rpm there is a perceptible increuse
' in time constunt over the value for higher rpm,
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Alrplane Responses

291-V"

The responses of the various test airplanes to abrupt throttle steps
are indicated by the time historles of normal and longitudinal acceleration
in figures 3 to 10, and these are summarized in figure 14, The data
presented in these figures were obtained with the longitudinal control
held fixed except for the large-amplitude rune shown for the FJ-3 alrplane,
and to a ledser degree the F9F-6 airplane. In the latter two cases the
longitudinal control was eased forward as the maneuver progressed, so
that the recorded normal accelerations are less than would have been
cbtained in a control-fixed maneuver, Also, for the F=-86F airplane with
blowing flap boundaryslayer control, large trim changes result from
changes in boundary-layer control air {low;l the longitudinal control was
moved to minimize such trim changes so that the recorded accelerations
are not the result of only throttle movements for this configuration.

As will become apparent in subsequent discussion these discrepancies will
not alter the quaiitative conclusions to be wrawn from the results, The
responses in figure li are of interest as an indication of the ease with
which the flighte-path angle may be controlled when the throttle is uned
as the primary control. It should be obvious that the added energy
resulting from a thrust increase may appear as an increase in veloclty
(~Ax) or as an incveare in flight-path angles (# or Ag/V)., The aistri-
bution of energy between ths two motions depends on the pitching-moment
change due % throttle wotlon and the longltudinal stablility of the

airplane.

The data of figure 14 show come variations in the distribution of
response (Ayx versus A,) among the different airplanes. The large rapid
response in Az and the average response in A, observed for the F-86F
airplane (with a bloving-flap boundary-layer control installation) were
considered good for cnrrier=type approaches, The responses for the
P-OLl on the ocher hand showed the greatest delay in developing A, of
any of the airplsnes, This characteristic may have some bearing ou the
reputation of the F-94C of being difficult to stabllize in speed in the
approach, The other airplanes, which had characteristics somewhat
intermediate between those of the two cited, were regardid as neither
outstandingly favorable nor unfavorsble,

Another chara:liilstic of the respcnses which would influence the
pilot opinion may be described as the stability of the response., The
values of A, for most of the alrplanes tended to become constant after
about 2 seconds. However, the A, response of the FIF-6 increased
continuously for about U4 seconds for the large amplitude steps shown,
This was considered by the pilots to be an undesirabvle characteristic,
This behavior may be due to the length of the period of tae shorteperiod
longitudinzal oseillation which was about 6 seconds. The effect of a

1Even though the air for the boundary-layer control is extracted from
the engine compressor, it would not be expected that this would influence
the engine dynamic response characteristics signifi-antly.
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pltehing=noment change due to throttle application would be expected to
jersist for n longe: time on un airplane having o longer natural period.
Tie degree to which the pllot reduced this effect by cusing the stick
forwnrd, ns noted previcusly, hus net been determined; 1t may be luferred
from the fuct that the pilot applied a correctiorn, however, that he
regurded the response us excessive, Possibly the existence of a pltche
up tendency at higher angles of attack, may have influenced the pllot in

his decision to chezk the motion,

A similur delay in reaching a steady-state value occurred with the
FJ=4 airplane, but wny preceded, in this cuse, by s short pauuse of 2
seconds, The perlod of this alrplane is also approximately & seconds at
low speeds usnd o pltce -up occurs at higher nngles of attack, The lack
of unfuvorable comments by the plicts in HWds case way be due to the
pronowiced favorusble longlitudinal acceleration effects that occur
simultuneously.

As observed in references 1 and 2 the pitching-moment changes with
thrust are important for currler-type approaches where the pilot uses the
throttle nctively in making flightepath corrections while maintaining
conntant speed, and particularly while flying on the "back side"™ of ihe
drug=velocity curve, Figuwre 19 demonstrates the throttle action during
n typleal carriere-type Spprowch mwade on the back side of the drage-velocity
curve, From the frequency of the throttle changes it 1s apparent that
the throttle 1s as important ac the longtiduinal control for flight-path

control,

Throttle recponse charncteristics are not so important to the pilot
in tactical-type approuches in which the speed is varied continuously and
close control of airspeed is not necessary, In this type of approach,
low levels of engine thrust are generally used, and the large engine time
constants associated with these low thrust levels would discourage the
use of the tnrottle for rapid flight-path adjustment even if the pilot
were go inclined, Illustrative of the time elements that influence this
situation ic the fact that the time required to change the trhrust of the
F-86A engine by 1100 pounds would be 6 seconds from a level of 50 percent
of design rpm us agninst only 1 second from a level of T9 percent of

design rpm.

Alrplane-Engine Characteristics in Relatlon to the Landing Approach

Thrust margin.= The margin of thrust avallable for flight-path-angle
controy 1s & sf%ficant factor in evsluating approach speeds. On the

basis of tests of the alrplanes of this study as well as several other
airplanes the followling pilot ratings have been assigned to different
ranges of thrust margir avallable at the approach speed,.




AT/ Pilot rating

> 0.28 Excellent
0.12
to Satisfactory
0.26

< 0,10 Limiting {in
terms of further
reduction in
approach speed)

It 18 of interest to ouserve irum uUie daita in figure 14 thnt
races of change of T/W for the FiD and FJ-3 airplones that were rated
excellent in thrust margin are actually slower than the rates for other
ajirplanes considered less satisfuctory. This would indicate that the
absolute margins of AT/W uvallauble are more important than the small

time differsnces in developing T/W.

A lmited study of the effects of AT/W margin was made on a lunding
approach simulator, This study indlcated that pllots began to increase
their approach speed as the value of AT/W was reduced bLelow about 0.0,
The difference between this value of 0.2 and the value of 0,12 indicated
ng a lover satisfactory lirit in the preceding tabulation mny be due to
limitations of the simulator arrungement used, No provision was made on
the simulator for the foworshls +rim change due to thrust such ag exiscted

for most of the airplanes included in these teats,

Wave-offs,~ The results of wave-off tests conducted on four of tre
tept airplanes from carrier-type approaches are gummarized in figure 1€
vhere a measure of rate of change of T/W, with corresponding pilot
ratings, 1s plotted against the raotic of test speed to stalling speed,
Allowing for certaln discrepancies this method of presentaticn seems to
define an approximate boundary between satisfactory and unsatisfactory
rates of thrust development, which varies only slightly, but in the

expected direction, with changing airspeed.

The results indlcate that the mininum satisfauctory thrust rates are
bhelow available levels for the test alrnienes, To the extent that these

available levels may be considered as representautive, then, it appeurs

that thinust ratec currently provided nre adequate for waveeoff from

carrier-type approaches, This conclusion should probably be further
restricted to alrplanes having reasonable thrust margins since all the

four test airplanes had values of T/W margln greater than 0.11.

It will be noted that the level of acceptable thrust rates does not
increasge greatly as the speed 1s reduced below the minimum comfortable
approach speeds which are at values of V/Vg of about 1.2, 1In fact,

" —
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the lower end of the test speed scale 1o only 7 percent above the stalling

speed, From this 1t would ceem reasonable to ussume then that wave-oif

'F considerations huve no clignificant effect in defining approuch speeds in

currler-type upproaches, Whether such a conclusion cun be drawn with

regurd to lower power Sactlicul-type approches i1o Open W qguer tion,
Simulutor studdes, - Limitod simulator studies were mnde of the effect,

of englne time constunt on carrier approuch speeds., It was found thut

re. wcticn of the englne time constant from actual vonlues tc o value of

zero had no silynificuant effect on the upprosch cpeed. This luck of effent

was attributed to the small umplitudes of the throttle ctepe customarlily

used {flg. L). For sucn omull umplitudes, 1o hus already been notec,

the time constints of the engline ut carrier approsch rpm would be quite

small,
% These results cwuiot be regurded as definitive, partisulsrly hen,
; a5 wns polnted out in an earlier section of thig report, other pertinent

purusmeters, such ng pltehing moment due to thrust, were not acourately
included in the cimulation, However, they do tend to contlr the vlew
deduced from flight studies that engine time constants currently uviil-
nble in ca;rier-type approiches are not large enoug. to aflect upproac:
speeds ndversely,

CONCLISTONS

The dyumwnlc responses of the ulirplane wnd the englie to abrupt
chunges in throttle position were investignted in fijght for . nunber
of Jet=propelled fighter-type ariplunes, The tests were not comprehensive
h enough to define a1 minimum acceptable response rate of the englne for tie
landing approuach, However, tor the operua-ing runge above about du=-percent
englne deslig rpm W wuith most of the tesvs were ~onfined, cerwnl: cone
clusions could be reached nus follows:

1. For throttle steps of small amplitude the engine dynamic thrust
responsey were generully representuble by firsteorder dyramic responcec,
the time constant of which increuses lineurly with magnitude of thrust
change.

7. For lurger size throttle steps the thruct variations for sore
englnes depurted significantly from that corresponding to a2 first-order
response. Thi. would probsbly not be u sericuc furtor in approadanting
engine recponse characteristics for landing-approach simulutions, but
might be LImportant for other applications,
$.  In onrrier-type Lundlng approaches the throttle movements
customurily used for control are in the form of small cteps for whil:h
the firsi-order approximation would probably be valid and the etffective
engine time constrate small, :

[PREEFRIPE * N




4. For the large throttle steps used in wave-offs from carrier-
approrch thrust levels the dynamic responses of the engines tested were
rapid enough that engine time constants in the wave-off did not limit

approach speed.,

5. Responses of the various test airplanes to throttle steps were
different in the degree to which vertical accelerations developed uc o
result of trim changes due to thrust.

Ames Research Center
National Aeronsutics and Space Administrution
Moffett Fleld, Calif,, Apr. 30, 1959
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TABLE I.~- PHYSICAL CHARACTERISTICS OF AIRPLANES AND ENGINES

Alrplane {Wing [Engine model[Engine Landing=-]Fuel
Aiml&ﬁe landing larea,| and series |compressor approach|regulator,

welght, lsq ft number type speeds, |service

S 1o knots |designation
FJ-3 12,990 | 288 | YJ65-uL Axial 111 TJ-L2
FLD 7| 16,870 | 557 | J57-P8A Axdial 121  |JFCl2-2
F9F-6 1z,440 | 300 | JLB-P3 Centrifugal| 11k ATOLLE
F-86€A 12,325 | 288 | Jh7-13 Adal - VS 26900 G6
F=9LC 14,953 | 233 | Ju8-PT | Centrifugal| 132 AT508
F-86F 12,900 | 283 | Jhk7-27 Axial 111 VS2-14250-B2
F-8LF 15,635 | 325 | YJ65-wla Axial 132 TI=J2
FTU-3 21,030 | 535 | JL6-WE-8B |Axial 108 587846-2
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A-162

r‘o 37.55'

{(a) FJ~3 airplane.

Flgure l.- {wo=viev drawing of the test alrplanes,
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A-162

45.66'

(b) FLD alrplane,

Flgure 1.- Continued,
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(¢) F9F-6 airplane.

Figure 1.~ Continued.
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(4) F-86A and F-86F alrplanes.

Figure 1.~ Continued,
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(e) F-94C airplane.

Figure 1l.- Continued.
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(£) F-84F ailrplane,

Figure 1.~ Continued.
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(g) F7U-3 airplane.

Flgure 1.~ Concluded.
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Figure 2.- Variation of installed-engilne thrust with rpm for test
airplanes as measured on thrust stand.
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DEPARTMENT OF THE AiR FORCE
HEADQUARTERS AIR FORCE MATERIEL COMMAND
WRIGHT-PATTERSON AR FORCE BASE OHIO

FEB 19 2002

MEMORANDUM FOR DTIC/OCQ (ZENA ROGERS)
8725 JOHN J. KINGMAN ROAD, SUITE 0944
FORT BELVOIR VA 22060-6218

| FROM: AFMC CSO/SCOC
‘ 4225 Logistics Avenue, Room S132
Wright-Patterson AFB OH 45433-5714

SUBJECT: Technical Reports Cleared for Public Release

References: (a) HQ AFMC/PAX Memo, 26 Nov 01, Security and Policy Review,
AFMC 01-242 (Atch 1)

__\_,_,,} (b) HQ AFMC/PAX Memo, 19 Dec 01, Security and Policy Review,
AFMC 01-275 (Atch 2)

(c) HQ AFMC/PAX Memo, 17 Jan 02, Security and Policy Review,
AFMC 02-005 (Atch 3)

1. Technical reports submitted in the attached references listed above are cleared for public
release in accordance with AFI 35-101, 26 Jul 01, Public Affairs Policies and Procedures,
Chapter 15 (Cases AFMC 01-242, AFMC 01-275, & AFMC 02-005).

2. Please direct further questions to Lezora U. Nobles, AFMC CSO/SCOC, DSN 787-8583.

of/fmb/%&#é@_,

LEZORA U. NOBLES
AFMC STINFO Assistant
Directorate of Communications and Information

Attachments:

1. HQ AFMC/PAX Memo, 26 Nov 01
2. HQ AFMC/PAX Memo, 19 Dec 01
3. HQ AFMC/PAX Memo, 17 Jan 02

cc:
HQ AFMC/HO (Dr. William Elliott)




DEPARTMENT OF THE AIR FORCE

HEADQUARTERS AIR FORCE MATERIEL COMMAND
WRIGHT-PATTERSON AIR FORCE BASE OHIO

DEC 19 200
MEMORANDUM FOR HQ AFMC/HO
FROM: HQ AFMC/PAX
SUBJECT:  Security and Policy Review, AFMC 01-275

1. The reports listed in your attached letter were submitted for security and policy review IAW
AFI 35-101, Chapter 15. They have been cleared for public release.

2. If you have any questions, please call me at 77828. Thanks.

ES A. MORROW
ecurity and Policy Review

Office of Public Affairs
Attachment:

Your Ltr 18 November 2001



1.

18 December 2001

MEMORANDUM FOR: HQ AFMC/PAX

Attn: Jim Morrow

FROM: HQ AFMC/HO

SUBIJECT: Releasability Reviews

Please conduct public releasability reviews for the following attached Defense

Technical Information Center (DTIC) reports:

a.

Emergency Fuel Selector Valve Test on the J47-GE-27 Engine as Installed on F-
86F Aircraft, January 1955; DTIC No. AD- 056 013.

Phase II Performance and Serviceability Tests of the F-86F Airplane USAF No.
51-13506 with Pre-Turbine Modifications, June 1954; DTIC No. AD- 037 710.

J-47 Jet Engine Compressor Failures, 7 April 1952; DTIC No. AD- 039 818.

Evaluation of Aircraft Armament Installation (F-86F with 206 RK Guns) Project
Gun-Val, February 1955; DTIC No. AD- 056 763.

A Stitdy of Serviced-]mposed Maneuvers of Four Jet Fighter Airplanes in Relation

to Their Handling Qualities and Calculated Dynamic Characteristics, 15 August
1955; DTIC No. AD- 068 899.

Fuel Booster Pump, 6 February 1953; DTIC No. AD- 007 226.

Flight Investigation of Stability Fix for F-86F Aircraft, 8 September 1953; DTIC
No. AD- 032 259.

Investigation of Engine Operational Deficiencies in the F-86F Airplane, June
1953; DTIC No. AD- 015 749.

Operational Suitability Test of the T-160 20mm Gun Installation in F-86F-2
Aircraft, 29 April 1954; DTIC No. AD- 031 528.

Engineering Evaluation of Tyvpe T 160 Gun and Installation in F 86 Aircraft,
September 1953; DTIC No. AD- 019 809.
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k. Airplane and Engine Responses to Abrupt Throttle Steps as Determined from

Flight Tests of Eight Jet-Propelled Airplanes, September 1959; DTIC No. AD-
225 780.

. Improved F-86F: Combat Developed, 28 January 1953; DTIC No. AD- 003 153.

m. Flight Test Progress Report No. 19 for Week Ending February 27, 1953 for

Model F-86F Airplane NAA Model No. NA-191, 5 March 1953; DTIC No. AD-
006 806.

2. These attachments have been requested by Dr. Kenneth P. Werrell, a private

researcher,

3. The AFMC/HO point of contact for these reviews is Dr. William Elliott, who may be
reached at extension 77476.

HN D. WEBER
Command Historian

13 Attachments:

DTIC No. AD- 056 013
DTIC No. AD- 037 710
DTIC No. AD- 039 818
DTIC No. AD- 056 763
DTIC No. AD- 068 899
DTIC No. AD- 007 226
DTIC No. AD- 032 259
DTIC No. AD- 015 749
DTIC No. AD- 031 528
DTIC No. AD- 019 809
DTIC No. AD- 225 780
. DTIC No. AD- 003 153
m. DTIC No. AD- 006 806
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