<

N- 33003

MISSILES AND SPACE DIVISION
LTV Aerospace Corpcration

P. O. Box 6267

Dallas, Texas 75222

NASA CR-111945

CASE FILE

PN T V

TITLE

SCOUT FIRST STAGE FLIGHT CHARACTERISTICS

SUBMITTED UNDER

REPORT NO. DATED
23.358 15 March 1908
PROJECT CONTRACT NO.
Scout |  NAS1-6020
5, Yenowiteh
Flight Mechanics Engineer

VIEWED

P PARED
A, assa

R.il, ?Enauber
é"g%ﬁt mgggrnymmics




ABSTRACT

AST-82821 R2

TITLE OF REPORT

SCCUT #itlsT ST/MGw FLIGHT CHIRLCTERISTICS

ORIGINATING AGENCY AND LOCATION CLASSIFICATION
LTV ferospece Corporstion A REPORT ABSTRACT TITLE
Missiles »nd Space-Division - Texrs .
F. 0. Box 6267 - ' U U i
Vellas, Texss 75222
AUTHORS ISSUE DATE LIMITATIONS ON_DISTRIBUTION (iF ANY)
¥5. Yenowitch 15 March
R. HN. EKnauber 1968 None
ORIGINATING AGENCY’S REPORT NO. DOD REFERENCES OTHER IDENTIFYING REPORT NOS.
CONTRACT NO. PROJECT NO. TASK NO.
/S51=-6020 EDRM
INDEXING

A. SUMMARY SENTENCE(S): Sgout First Stage Jet Vene Effectiveness and Aerodynamic Pitching
and Yewing Moment Coefficients are Extrscted from Flight Data. .

8. kev worns: Flight Characteristics
Aerodynamics
Stebility and Control

WEAPON SYSTEMS NUMBERS, MODEL NUMBERS, ETC.

ABSTRACT

kn investigetion hes been conducted to determine the Scout vehicle serodynemic
and control effectiveness charscteristics from flight dete. Eleven recent Scout
flights were anslyzed and the serodynamic moment coefficients and jet vene and
control tip 1ift effectiveness were adjusted such that the flight messured control
surfrce deflections end vehicle trnjectory psrsmeters could be accurstely simulsted.
Flight deta indicsted (a) reduced subsonic and trensonic serodynemic stsbility
compared with wind tunnel test deta of s Scout model with no protuberances, (b) sn
incressed supersonic pitching moment at zero angle of sttack, and (c) reduced jet
vene 1lift effectiveness. Incorporation of the revised data gives good correlstion
between simulsated end measured control deflections snd flight psth and heading
angles. o :
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1.0 SUMMARY

A detsiled nnalyéis §f the Scout first stege flight characteristics o
hags been made. Flight date indiceted significent dévibtions ffom predicted
charscteristics. Pitch‘and yew moments heve been computed for 11 recent Scout
flights and were correlated with coptrol surface effectiveness, aerodynamic pitching
and yeswing moment coefficients, and thrust misalignment. This(flightld&ta
indicated » reduction in the subsonic and trensonic ststic stebiliiy,.n
reduction in jet vene effectiveness, an ingreese in fin tip effectiveness

- trensonicelly end é larger pitching moment at zero angle of sttack supersonicelly
crused by a negétive normel force aft of the center of mass. These characteristics
were gdjusted end used in the post-flight_trajectory simulation progrem-for the'.

11 vehicles analyzed. These sdjustments significently impfoved the simulstion A
of the telemetered pitch end ysw control surface deflections s well ss the

radsr tracking of the flight psth sngle snd hesding engle.

2.0  INTRODUCTION
The Scout vehicle configurstion is shown in Figure‘1. The motor
steck consists of an Algol II first stage, Cestor second stege, X-259 Antsres
third stﬁge, and an X=258 or FWAS fburth stége. The heatshield hes & 34-inch
maximum diaméter with 8 nose 2t Scout station -25,  Vearious protuberancés
consisting of santennas, wiring tunnels, lsunch fittings‘and fsirings,.and
fairings sbout upper'stage reaction control.motors and spin motors sre stteched
to the exﬁer;or of the trensition sections ond motor ceses. Flight trejectory
barnmeters, Mach number, dynsmic preasﬁre; center of gfevity end moment of
'1nertia time histories for this configurétion.do not differ'appreciably from
flight to flight. Typicel time historles for these bnrémetgrs sre shown in
Figure 2. | ' |

There has slways been a difficulty in simuleting the Scout vehicle

first stoge attitude and flight path history‘with'prediéted rerodynemics end
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control surfece cherscteristics. Post-flight enelysis of the first st:ge
control surface deflections snd trajectory usihg measured wind profiles end
nost-flight motor dats indicated » considérable difference between the predicted
vehicle charscteristics snd the sctual characteriséics.

As pert of the post-flight snslysis of esch Scout vehicle the
pitching anq yawing moments secting aboﬁt the vehicle center of mess wére
éelculated using the predicted =zerodynamic date presented in Reference 1, the
measured meteofological dats, telemetry d%tn and redar tracking dste. vThe
comﬁuted control moments end serodynemic moments did not fully eccoﬁnt for
the observed vehicle trim attitude. The pitch and ysw residusl moments were
celculsted and included in the post-flight simuletion. These artificially provided
_the simﬁlationlwith the necessary vehicle trim nttitude; Although vehicle
control deflections could be simulsted this way, the flight psth aﬁd’heading B
rngles were not accurately simulated. These residusl or "unexpleined" moments
which are included in the finsl flight reports (eg see references 2 through 12)
représent a combinstion of flight datalinaccurncy, vehicle thrust vector

B misﬁlignment, end the differences between the predicted and sctusl vehiclé ‘»
rerodynsmic end control cheracteristies. | |

As more Scout vehicles.were flown and nnaleed it beecsme obvioﬁs
thet the residusl moments or devistions were not random ih occurrence. Piteching
moments 1ndiéated's time history very similer in shape (but of opvosite sign snd

lower megnitude) to the control moments during the first pitch proerem step.

Transonically large pitch and yaw residual moments appeared which had the
opposite sign of the aerodynamic restoring moment. Supersonically, pitéh;up
moments were calculated which varied with the dynamic pressure.

More evidenge was gathered and an investigation.was made to
determine the mostblikely source of fhe observed devigtions. The results of

that investigation are presented in Reference 13. 4They indicate an error in




MISSILES AND SPACE DIVISlON
‘LTV Aerospace Corporatnon

' . P. O. Box 626
BY : DaIIas Texas 75222

: : , o REPORTNO"§3{32§
DATE _ MODEL PAGENO. O

the jet vane performance data, a reducgd aerodynamic stability transonically

‘and a possible increase in the supersonic pitching moment at zero angle of attack.

Subsequent to the analysis performed in Reference 13, the basic jot
vane data was reviewed and‘found to be in error and corrected. The revised
data is presented in Reference 1lli. A supersonic wind tunnel test of a 1/15
scale model of the Scout configuration using a 34-inch diameter heatshield with
a nose at station -10 with protuberances has been made under Work Iiem 14 of
Contract NAS1-3915. This test data, presented in Reference 15, was reviewed
during the current analysis.

Subsequent to the investigation bf Reference 13, and the revision
of jet vane data (Reference li), a computer routine was developed to calculate
the first stage moment disturbances. Several additional poteﬁtial sources
of moments have been included in the cglculations'including Jet dampiné, mass
imbalance and aeroelastic induced thrust misalignment. A description of this

" ¢alculation method and the routine description is presented in Reference_l6.

More recent post-flight analyses utilizing revised jet vane data"
indicate the same'trends in residual moménts although the magnitude has been
considerably reduced during the first commanded rate of the pitch program and
slightly reduced in the supersonic region. .

" The purpose of the current investigation is to define as closely
as possible the vehicle éharacteristics as oﬁserved from flight data. The
method consists of correiation of calculated pitch and yaw residual moments
with aerodynamic angle, control surface deflections,.dynamic pressufe; Mach
number, and thrust level. Effective pitching and yawing moment coefficients,
Jet vane effeétiveness, control tip effectiveness and thrust misalignment were
computed for 1l recent Scout flights. The various characteristics were
adjusted such that the residual moments were>reduced.to é>10w magnitude with

a réndom variation from vehicle to vehicle; Reasons for the discrepancies

e e s e &
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‘between actual and predicted characteristics were sought when it was practical
to do so. The post-flight trajectory simulations for these 11 vehicles were
computed with the adjusted characteristics to determine ihe accuracy through
the simulafion of flight path and heading angle hisfory and control surface

deflections.

3.0 . DISCUSSiON

The analysis of tle fixrst stage pitching and yawing moment distur-
bances, presented in Reference 13, defined the probable areas vhere the flight
characteristicé did not agree with predicted characterigtics. These 1nc1uded
Jet vane effectiveness, aerodynamic stability, pitching moment at zero angle
of attack and thrust misaligﬁment. Several other sources of moments were

| investigated such as vehicle alignment, aeroelastic induced thrust misalign-
ment, jet damping and mass imbalance. These wefe investigated énd pfoved to .
 be etther randon or relatively minor in lmportence. The recomendations

presented in Reference 13'included'(l) accurate instrumentation'of Algol
static firings to determine thrust misalignmeﬁt (2) pressure instrumeﬁting
the Base “A" fins for investigation of the pitch-up at launch phenomena,
(3) review the jet vane test setup and data (4) computation of the effects
of altitude on Jet vane effectiveness (5) wind tunnel testing at transonic
and supersonic Mach numbers including the protuberances to evaluate the effécts
of combined angles of attack and sideslip and rocket exhaust pluming (6)
evaluate vehicle tooling, gssembly’fixtures and alignment measurements,
(7) utilize a wind measuremént procedure to give the wind profile data at
launch time and (8) conduct Q study of flight data to determinelthe remaining
‘uncertainties in flight characteristics. .

Since that investigation was performed the jet vane test data was

reviewed and found to be in error due to data reductioﬁ errors and failure to

chéck the alignment of the Jet vane relative to the nozzle centerline. The
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effects of altitude on jet vane performance were estimated. This revised jet vene
data is presented in Reference 14. A limited wind tunpel test of_a model of -
Scout configuration utilizing & 34-inch diemeter heatséield with nose at station
;-10 with protuberances has been made under Work Item-14 of contract NAS1-3915,
ﬂPertinent date from this test has been used in thié investigation. A random
‘Hselection of vehicle "B", "C", and "D" section essemblies was checked to detérmine
if these sections were being built in such a way as to give the vehicle a con-
:sistently-bent shape. No bias was indicated. | |

3.1 " CALCULATED FLIGHT CHARACTERISTICS _
3.1.0 The investigation of the first stage flight characteristics involved

" analysis of the data from Scout vehicles S-137, S-141, S-147, S-148, S-149,
S-150, S-151, S-152, S-154, S-155, and S-156. Pertinent flight data for these
vehicles is presented in references 2 throﬁgh 12. The residual moments (moments
whicq were not explained with the predicted vehicle characteristics) were calculsted
and ;re‘presented in Figures 3 through 13. Thg residual moments were correlsted |
with Mech number, dynamic pressure, angles of attack and sideslip and control
surface deflections to determine the apparent jet vane effectiveness, control
tip effectiveness, and pitch and yaw aerodynsmic moment coefficients. Tbeae
are discussed in the following parsgraphs.

3.1.1 Jet Vane Lift Effectiveness

During the first commanded rate éf the pitch progfam, the Scout
control surfaces undergo large smplitude deflections in pitch. On most flights
the peak deflections reach angles of 10 to 20 degfees in response to thq first
step in pitch program rate.‘ During this periéd the residual pitching moments
indicate a time history very similar to the control surface deflection. The .
1ift effectiveness of the jet vanes can therefore be easily detected. The
accuracy 6f these calculations ;re greatest during this time period since the

fin control tip and serodynamic moments are at & minimum due to the low dynamic
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pressure.
The percentage reduction in jet vane lift effectivehess derived
_from flight data during this time period was applied for the toial burning time.
The results are shown in Figure 14. On one of the two jet vane tests (Algol
II-B-31 Test Firing) motor side forces were measured. By correlating the
side force data to the jet vane deflection history a lower jet vane effective-
ness was computed. This is also shown in Figure 14. The englysie of flight
characteristics indicates a jet vane lift greater than that determined from
static test side force measurement but less than the sting belance data upon
which the current predictions are based. The jet vane lift data derived from

flight data is assumed to be the most accurate available.

3.1.2 Fin Tip Lift Effectivenecss
The fin tip lift provides a rather small contribution to control
. early in the flight. The tip effectiveness increases rapidly as the Mach
hﬁmber approaches 1.0 and remsins relativeiy high until after peak dynamic'
pressure occurs. The wind tunnel test data from which fin tip lift has been
extracted has been reviewed. This test data shows a considerable degree of
scatter as shown in Figure 15. The fin tip effectiveness was adjusted as'a

reasonable fairing of the wind tunnel results.

3.1.3 Aerodynamic Pitching and Yawing Moment Coefficients

Utilizing the adjusted jet vane and fin tip effecti«}eness noted
ih the preceding paragraphs; the pitching and yaﬁing moments were recomputed.
From these, the effective pitching and yawing aerodynamic coefficients were
calculated for the eleven vehicies and were correlated with angles of attack:
and sideslip and Mach number. Assuming that the pitch and yaw stability
derivatives are equal ﬁhe pitching and yawing moment coefficients st sero

aerodynamic angle were calculated at Mach numbers of 0.5, 0.8, 1.0, 1.2, 1.5,
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coefficients at zero aerodynamic angle are shown in Figure 16. The flight
data indicates a reduced subsonic pitqh-up moment but a significantly increased
supersonic pitch-up moment compared to the prediction (Reference 1). Flight
data also shows a relatively low yawing moment céefficient at zero angle bf
sideslip in the supersonic region. This is also shown in Figure 16.

The large change in supersonic pitching moment at zero angle of
attack was investigated. The vehicle protuberances are the most likely source
of serodynamic asymmetry. The effect on pitching moment of the Base "A" launch
fitting féirings was estimated supersonically. There are two of these fairings
on Base "A" located adjacent to the upper surface of the two pitch fins. The
shock pattern from these protuberances increases the pressure on the upper fin
surface resulting in a pitch-up moment to the vehicle. The estimation-of
this contribution to the pitching moment coéfficient at zero angle of attack
is presented in Figure 16.

The wind tunnel test data presented in Reference 15 included runs
at a Mach number of 2.8 both with and without protuberances. The effect of
protuberances on the pitching moment at zero angle of attack is ﬁresented in
Figure 16 and shows a close agreement with that extracted fram flight data.

The effect of each vehicle protuberance is not known and would
require wind tunnel measurements with a buildup of protuberances one at a time.
Seout vehicles S-160, S-161,. and S-162 will have dummy Base "A" launchvfitting
fairings installed on the lower side of Base "A" to balance out the effects of
the standard fairings. Analysis of flight data from these three vehicles may
help to define their contribution to vehicie pitching moment at zero angle of
attack. |

The pitch and yaw stability derivatives were also determined from

flight data. The best fit of the pitching and yawing moment coefficient slope

‘at each Mach number was determined. The results are compared with the predicted

Dallas, Texas 75222 ' REPORT NO.23+356
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data from Referénce 1l in Figure 17. The stability is considerably less than
predicted subsoﬁically and transonically. Subersonically the flight data
indicatés slightly greater than predicted stability. In each case the rigid
vehicle stability derivatives are shown. These Qere obtained by incrementing
the flight results by the predicted aeroelastic effects. The effective center
of pressure is shown in Figure 18. This is based on the pitching moment
coefficient slope presented in Figure 17 and the predicted aerodynamic normal
force coefficient slope fram Reference 1. ‘

The source of the discrepancy between the predicted and appareht
pitch and yaw stability derivatives has not been determined. There hasvnot :
been any wind tunnel testing of the cempleté Scout configuration with the

| 34-inch diameter heatshield with nose at stetion -25 with the protuberances
on. A wind tunnel test of the current Scout configuration with protuberances
including the effects of cambined angles of attack and sideslip would be
requiredAto help determine the source. T®E jet plume Hay have-en-effeet—on—
vehicle stabititybut-it is expected to be insignificent.due to the low jet
pressure-ratienin~£liggﬁ:w:

T e r——— e

3.2 EVALUATION OF ADJUSTMENTS ON VEHICLE CHARACTERISTICS
The adjustments in vehicle characteristics preser_lted in Section 3.1
were used to recompute the pitch and yaw residual moments and in simulating the

control surface deflections and trajectory parameters.

3.2.1 Ccmparison of Residual Moments

The residual moments for the elgven vehicles analyzed are campared
with those computed with unadjusted characteristics in Figures 3 through 13.
The use of the adjusted characteristics significantly reduces the pitch and
yaw residhal moments in most cases. The bitching and yawing residpal moments

which remain are essentially random from venicle to vehicle.
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3.2.2 Comparison of Trajectory and Control Surface Deflection

The adjustments in vehicle characteristics were also used in a
first stage trajectory and control system simulatlon using the NEMAR routlne
described in Reference 17. The post-flight measured winds and other pertinent
data used in the simulations is presented in raferences 2 through 12. The
pitch and yaw control surface deflections are compared with both the telemetered
deflections and those simulated without adjustments in Figures 3 through 13.

The use of the adjustments significantly improves correlation with flight data.
Differences in the pitch and yaw moments and in the simulation of control
surface deflections reflect for the most part instrumentation and data reduction
accuracy, wind uncertainties, random vehiclé misalignments, mass unbalance

and thrust misalignment.

A comparison of the flight ﬁath anglg histories in Figures 3
through 13 shows a trend toward higher simulated flight path angle histories
after 20 to 30 seconds of flight when the control surface deflections are closely
simulated. This discrepancy is a result of defining the ch#nge in vehicle
aerodynamics in terms of moment coefficients without altering the normal aga
side force coefficients.

A limited analysis of this flight path angle deviation was performed
on vehicle S-150. As shown in Figure 8a, the simulation of pitch contrdl
deflection was very close but as shown in Figure 19 the différence between
simulated and actual flight path angle increases after 20 seconds flight timef
The high amplitude wiggles reflegt radar data scatter. The flight path angle
deviation was smoothed as shown in this figure and used to estimate the vehiclé '
normal force time history. A downward normal force of about 800 pounds
between 25 and 45 seconds flight time would be required. This normal force
was used in the simulation for vehicle S-150. The deviation from radar

measured flight path angle was very small as shown in Figure 19. Simulated

control surface deflections remained unchanged.

3-81324 R2
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The cmﬁputed angle 'of atfack is essentia‘.lly zeroh betﬁeen 22 and -

35 séconds flight time for vehicle S-150. The incrementai normal force _pre-
sented in F-igure 19' is mosi; pi‘obé.bly associated with thg pitchiﬁg moment at
zero.&ngle of attack. 'fo provide pitch-up momeﬁt supersonically the downward
force would be located aft of 'ghe center of gravity. Vehicle protubera.ﬁces‘
aft of this point include wiring 't\‘mnel covers on the "B" section flare, the
forvard lsunch ring fitting, the wiring tunnels on the Algol motor with
flared ends on Base "A" and the Base "A" launch fitting fa.:.rings. All of
these protuberances are arranged symetrically about the pitch pla.ne but are
a.ZLl on the upper side of the vehicle.

| A comparison of the heading angle histories in Figures 3 through
13 does not show a patterfx as did flight peth angle, indicating ver;r little
if any side force at zero angle of sideslip. The yawing moment at' zero '

sideslip angle is also very low.

3.2.3 Influence of Wind Variability and Thrust msalignmeﬁt

The influence of wind variability and thrust vector misaligmment
on the control surface déflection history and vehicle flight path was
evaluated. - "

v_ Wind profiles are usually measured several ﬁours before and after ’

each Scout launch. Since the winds used in the simulation may be measured several

~hours before or after launch,deviations from those experienced in flight will.

occur. To evaluate these deviations the trajectory simulation of vehicle S-152

was made with both the pre-launch and post-launch measured winds. These wind

profiles shown in Figure 20 represent a typical time variation. The simulated

control surface deflections and flight path history are compared with flight.

data in Figure 10. Control surface deflections may va.ry several‘degrees due

‘ to. the differences in the two wind profilés. The cha.nges in hea.ding angle

for both wind profiles are not very significant when the a.dJusted aerodyna.mc .

e —— o ———— s %

' 3.-51324 R2 B : Lo
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(1) aerodynamic stability is less than predicted in the subsonic and transonic

‘at zero serodynamic angle, (4) the control fin tip effectiveness is higher
than predicted in the transonic region, (5) différenceé in wind profiles before

and after launch can noticeably influence the simulation of vehicle control

; , Dallas, Texas 75222 : _ REPORT NO. 23._3_58
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characteristics are used.
The effect of thrust vector misalignment was evaluated with vehicle
S-141 which apparently experienced 0.20 degrees thrust misalignment in the yaw

plane. A comparison of the simulated yaw controll surface deflections and

heading angle with and without 0.20 degree thrust misaligmment is presented
in Figure 4. The simulated yaw control surface deflections e.ﬁd heading

angle are considerably different from flight data without thrust misaligmment .
with or without the adjusted aerodynamic characteristics. The simulation including
the adjusted characteristics plus 0.20 degrees of yaw thrust misalignment is '
very close to flight data both in control surface deflectiong and heading

angle.. During the analysis several other vghicleé were analyzed with a

thrust misalignment. The analysis indicated that thrust misé.li@ment angles

pf much less than 0.20 degrees can account fbr many of the devié.tions between
sin;ula.ted trs.,jectory parameters and flight data when the aero;i_ynamic

éharacteristic_s are adjusted.

4.0 CONCLUSIONS AND RECOMMENDATIONS

The analysis of the Scout vehicle flight characteristics shows

region, (2) the jet vane lift effectiveness is lower than predicted, (3) the

vehicle protuberances contribute to the pitching and yawing moment coefficients

surface deflections, flight path angle and heading angle, (6) t;he Algol motor
has a thrust miselignment of as much as 0.20 degrees and this can significantly
influence the control surface deflections and trajectory parameters and (7) the
vehicle a.lignment buildup deviations vary ra.ndomlylfrmn vehicle to véhicle.

The post-flight trajectory calculation of the Pirst stage with the

adjusted aerodynamic and control characteristics provides a significa.ntly

3-81324 R2
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improved simulation of flight path angle, heading angle and control surface
deflectidns; Flight path angle simulation can be significantly improved by
adding & downward normsal fofce at zero angle of attack.

The following acfion is recommended for the current Scout -
configuration: (1) revise the vehicle aerodynamic and control cha?actéristics
to reflect the data presented in this feport and use the revised characteristiésv
in the Scout pre- and post-flight analyses, (2) estimate the required change
in thé vehicle aerodynamic running load distridbution to agree with tﬁé'piﬁch
and yaw stability derivatives obtained from flighﬁ data, and (3) estimgte the
incremental normal force at zero angle of attack based on the eleven véhicles
considered in this analysis.and include in the Scout pre- and post-flight analysis.

In addltion, future Scout configuration changes which affect
external lines should undergo wind tunnel testing to accurately defineEthe"
pitch, yaw and roll stability characteristics and the effects of . protuberances.
Such wind tunnel tests could include model buildup of protuberances one at a
time to define the individual effects. Test at various angles of attack over
a range of roll angles should be done to define the‘éffects of cambined%angles

of attack and sideslip on pitch, yew and roll stebility. - i
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11.
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1k,

15.

16.

17.

10..
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