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RESULTS OF FLIGHT TEST OF AN Aui*omzcmr STABILIZED
MODEL ¢ (SWEPT BACK) FOUR-WING TTAMAT
By Charles L. -Seaoord,tJr. end J. M. Teitelbaun

SUMMARY

The results of the first flight test of a swept-back four-
wing version of Tiamat (MX-570 model C) which was launched at
the NACA Pillotless Alrcraft Beeea.rch Station at Wallops Islend, Va.
are preosented.

In general, the flight behavior was close to that predicted.
by calculations ‘ba.sed. on stabllity theory and oscillating table.
tests of the autopilot. The flight test thus indicates that ths.
techniques employed to predict automatic stability are valid and
practicel from an opera.tional viewpoint., )

The limitations of the mo'bhod used to predict flight behavior -
arise from the fact that the celculations assume no coupling among
roll, pitch, and yaw, vhils in asctual flight some such coupling does
exist. .

INTRODUCTION -

At the reguest of the Air Materiel Command, Army Air Forces,
and as part of the general resesarch progrem on guided missiles,’
the NACA is testing verious configurations for the ME-570 (Tiamat)
miseile, The results of each flight are being correlated with
theory in en effort to develop and improve methods of predicting’
the flight characteristics .of autopilo¥ controlled. a.ircra.ft.-

Tests of tlHree-fin configurations of the MX-570 missﬂa ha.ve
been. reported in references 'l and 2, wherees tests of four-fin -
models have besn reported in referenc'es 3 and &k, -Data in refer-
ence 1 indicated poor dlrectional stability at high angles of
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- attack and reference 2 showed need for a single booster rocket.
Reference 3 showed that impraved stability was obtalned with the
four-fin arrangomsnt and reference 4 indicated e need for more
complete sutopilot study. This study wes made and reported in
references 5 and 6 end another four-fin missile was launched.
Fallure of the booster to separate from the missile in the flight

of the third four-fin missile brought about a redesign of the
booster ettachment, which. 18 desoribed herein. The present test
concerns itself with the results of & flight test of a four-fin
model C (evwopt back) configuration of the Tiemet missile and the
correlation of the f£light results with data obtained from preflight
frequency-regponse tests of the sutomatic pilot. The tests of

this model were condpcted in the - same manner ae previously described
in references 1 to 4. Equipped with telemeter and altopilot, the
missile was launched .from the ground. and tracked by radar and motlon-
plcture cemeras. .

MODEL

The deeign of the four-fin MX-5T70 rodel C 19 basioally the

same as the model B (reference 4) except that swept-back wings
have replaced the straight wings and a newly designed missile-
booster eattechment hast replaced the straps previously used. ' The

new type of attachment wes incorporated after the miesile and
booster falled to separate in & previous flight. A sketch of the
missile and booster is shown in figure 1 and & photograph of the
migsile is shown in figure 2. The new bhooster attachment (see fig. 3)
coneists of a tail cone casting attached to the missile and a nose
casting sttached to the hooster emd fitting within the tall oone of
the missile. Inserted in ths booster casting is a 500-pound-per-

inch ccompression epring held in loaded position by an explosive break
1ink and adjusted to butt up against the teil pipe of the missile. The
explosive link is broken during the booster-on flight emd when the -
booster rocket burns out the epring causes the misslle and booster to
separate. In eddition, four alinement screws are located between -the
. booster casting and the main booster fuselage to adjust the engle of
incidence betwesn the thruat line of the booster and the center line
of the mieslle.

The physical dimensions of the C model tested are given
Yolow: ' ' Lt

Weight, pounds: . - '
'Missile s ® » 5 ¢ @ @ & 3 & ¥ ¢ e & ¥ B ¥ B S s s 8 " e s sV gg?
0

'.Booster.,....----.'..--......-.-c.-..---

v
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Wing: - . .
Area, square feet (mclwling fuselage) I O K
Span, PeBt ¢ o s 0 s s 2 8w e 4 s 8 a8 o5 e e e.se s D2
Aspect r82t10 ¢ ¢ 5 ¢ 4 5 2 6 & s e 8 4 0 s 8 s 8 e e s s h-.ﬁs,
AMrfoll Bection o ¢ o ¢ ¢ ¢ ¢ o o I B R A NACA 16"&9
'SVeep'Da.ck, 25 pement Chbrd, degrees LINE ST R T T O I O . ) h-l.
Incideme’ d.e@aes L N I I I ) ‘s & % 8 3 & w & 0
.Mean asrodynemic chord, Inches » -« ¢ o« o o ¢ ¢« ¢ ¢ s o s s« » 15.70
Wing loading (missile a.lone), pounde per square foot s v « o . TH.O
Control surface: .
'I'ype..................-..-'...'Plain.ﬂ.ap
Span, percent wing span (plan) v « o s = ¢ s ¢ ¢ o 2 8 « .
Chord, percent wing chord at Inboard end ¢ « ¢ ¢« e s o o+ » 15T
Chord. percent wing chord at outboard’ erd « ¢ o ¢ ¢ 0 . . 26.7
Fusel=zge:
Length INChOB8 o s s ¢ 5 s s s s ¢ a a ¢ ¢ &« ¢ 8 66 8 8 v & 120
Maximum diameter, IncheB + ¢ a ¢ ¢ ¢ ¢ 4 ¢ 5.0 s 5 s ¢ s » & 20
Center-of-gravity loceaticn:
Behind nose of fuselege, Inches « s s o, v ¢ 4 o ¢ ¢" s s v = 66
Below center line of missile, inches s « s o' i « « s » o » 0.4k

 TNSTRUMENTS

. Autopilot.- The autopilot used was the pame type as thoss
previously used and is described In reference 4.. It was adjusted
to give a 1.78 follow-up in yaw and 2.35 follow-up in pitch.
(Follow-up is the ratio of control deflection to curve deviation.)
The rate gyros were aljusted so as to cause, when subjected to
e rate of turn of 1° per second, & control deflection equal to
cns~-tenth of the deflection caueed by a body displecement of 1°.
The roll ocontrol oonsisted of en Azon gyropilot with the sams
settings as previously described iIn reference 4. The deflection
of the allerons was limited to $10°, The preset-turn control
was set to veary the directional gyro reference, 20 seconds after.
firing, at e rate of approximately 7° per second uwntll the rudder
stop (120°) was reached. The altitude control was set to maintain
fiight at 600 Peet. ' -

Telemeter.~ A four-chennel radic telemster wae installed to

transmit records of the following items within the limits noted
between the parenthesis signs: .

83
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(a) Normel acceloration, (+10g)
(b) Transverse acéeleration, (*10g)

(c) Dynamic pressure, (0 to 16 in. Hg sbove sea level static
pressure) B

(4) Bank aengle, (t300)
(e) Rudder control position, (¥10°) .
(£) Elevator control position, (110°) -

A motor-driven swltch wag provided so_as to alternate trans-
miesion of elsvator control and normal acceleration data with
dynamic pressure and tranaverse acceleration data on two of the
telemetor channels. =~ =

The acceleromsters used to record the normal snd transverss
ecoelerations were looated ‘approximetely 8 inches below the
center of gravity of the missile. This caused the components
of the noymel acceleratlion dus to roll to be recorded by the
* agcelerometer. The error introduced by this condition was small
in comparieon to the maximm acceleratlions recorded.

Radar end Cemers.- The radar and camera installations were
similer to those previonsly used consisting of TPS5 continuous
wave radar, SCR 584 redsr and motion-picture cemerss.

METHOD OF PREDICTING AUTOMATIC STABILITY CEARACTERISTICS

The stability of the missile-sutopilot combination was
predicted using the methodns given in references 5 and 7. The
resulis given in reference 5 were computed for the stralght ’
wing MX-570, but the rolling metion is not believed to be
apprecisbly affected by the amount of eweepback present in the
MZ-570C. The curves used for determination of stability in
pitch and yaw ave given in figure 4. These curves consist of
plots of the phase angle € and the amplitude factor R for
both the autopilot and miseile. The phase angle for the auto-
pilot 15 a measure of the mmount that the control motion is leading
or lagging the' displacement motion of the autopilot.  The phase
angle for the misselle is a messure of the amount that a forcing
control motion leads or lags the airplane motion that it causes.
The ampllitude factor for the autopilot is egual to the maximum
amplitvde of the autopilot displacement motion divided by the

iy
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. maximum emplitude of the corresponding control motion., The amplitude
factor for the missile is equal to ths maximum amplitude of the . -
forcing control métion divided into the meximum amplitude of the
missile motion caused by the control mction. The procedurs for
computing these curves is outlined in reference 7. Inaamuch as the
miegile 1s symmetrical about both the XZ- and the XY-planes and
fhe seme autopilot adjustment 1s used for both pitch and yaw, the
curves shown in figure 4 apply to both pitoch and yaw.

. RESULTS
Launching

4

The la.unching rack and the firing procedure used in the
sub,jeot teats wore the semo as thoee prsviously described in
reference 2, The test records of the flight showed that the
launching of the model was smooth. Photographs of the take-off
are shown in figures 5(a) end 5(b). A launching acceleration
of 9.1g was computed for the telemster records (sse fig. 6(a))
and an altitude of about 300 feet wes reached before the booster
rocket burned out. At the 0.9-second merk the link holding ths
booster rejection spring was exploded and at the 2.2-sscond mark
the booster rocket burned out end was jJettisonsd suscessfully.
The use of the revised booster attachment appsratus wes thereby
Justified. The sustaining rocket fired es scheduled at the 2.9-
seoond merk and the recorde show that the missile attained an
altitude estima‘bed. at 600 feet and leveled out.

" Automatic Stabilization -

The telemeter records presented In figurs 6 show that the.
rejection of the booster started a longltudinal oscillation
which wes rapidly damped by the automatic pilot wntil the
9-second merk. (Bee flg. 6(a).) After this time, the oscillation
bulilt up, agaln resuwlting in large normal acceleraticns. After
the 12-gecond mark the elevator csclllated between ite stops
(¥10°) causing normel eccelsrations of. about #5g for the remainder
of the flight. _ .

The yaw oscillation ae indiceted by the rudder and trensverse
acceleration data of flgure 6('b) was small throughout the entlire

flight. An initfal disturbance encountered at the time of booater --

rejection was quickly damped and the tranasveras. accelsrations
were about iﬁg Por straight flight. ' The model stabilized in

roll during the entire flight; the amplitude 6f the bank oscillations
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varying from 17° in the early portion of the flight (see fig. 6(a))
to somevhat irregulerly larger valusg during the 30- to 54 - gacond
period. (Sse fig. 6(c).)

Preset Turn.

After 27 geconds the missile went into a preset evertightening
turn until the rudder reached its stop (10°) afteér which the radius
of the twrn remained constant, Flgure 7 shows a plan view of the
flight path of the misslle as recorded by the SCR 584 ground redar,
compared with the predicted flight path based on the adjustment ot
the ‘prQSe'b -turn control.

DISCUSSION
Longitudinal Stabilizaetion

The action of the automatle pllot in pitch, previously
described, can be explalned by an enalysls of preflight freguency-
_response records.of the automatic pilot shown in figure L.

_ According to the mesthod outlined in reference 7, the possibility -
of an undemped oscillaetion exists only when the phass angle o
the automatic control (e,1,4) 18 equal to the phase angle (smssﬂa)

for the missile. As shown in figure L4, these conditions did not
.exist in the subject model thus 1ndica.t1ng that any dlgturbance in
pitch or yaw should have damped out completely. The fact that thers .
ig no intersection between the e-curves mekes it wnnecessary to
refer to the R-curves. If there hed been an intersectlon, the
stability of the osclllation would have depended upon the value of
the Rpigsile X Raytopilot: A value less than unity would have
Indicated 1nsta.'bility while one greater than uwnity would indicate a
damped oscllletion. .

The initial action .of.the automatic pilot in daanping out

the pitch disturbance caused by ‘thé booster rejection is thus in’
agreement with the frequency-response date « ‘A ‘study of the data
on figure 6(a) shows that during this period the control motiofr was
+"leading the body motion as expeéted and the motion was demped. The
.increase in the amplitude of the longitudinal osclllation after the
9.0-sscond mark was -probably due to the fallure of the pltch rate
gyro which caused the control motion to lag the pitching motion.
The lag of the control after the 3.0-second mark is evident from
inspection of the date of figures 6(a) and 6(c) and would be
expected by theory to lead to unsteble oscillations. In the subjlect

" ‘ . M
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cese the clevator stops limi{;ed the ‘body motions to a cone'bant

: amplitude hunting oscillation.

I.a.teral Stabilization "y

A very smel). transversa acceleration, approximately *ﬁg, was

recoried for that portion of the straight line flight during which -

the pltch oscillation wes demped. When the pifching oscillation
increased in amplitude, the transverse acceleration became irregular.
This effect is believed to be dues to the influence of the elevon
position (up or down) on the elevon yawing moment caused by differential
elevon desflection. fThat is, if the elevons were both up, the yawing
mopents caused by differential deflectiom would be less adverse than if !
the differential movemen'o had occwred. when the elevens were at zero,.

The eta.‘bilizing actics of the lateral components of the .
automatio pilot was thus established. The fact that the. yasr .
oscillation had the same’ peridd as the roll oscillatisn. rather O
than ome similar to the pitch ospvillation (as might be expected for : .
& symmetrical body) is interpreted as showing that coupling oxisted.
botwegn the rolling and yawing motions. ' - :

. The roll oscilla.tion of #7° in gtreight fligbt wes slightly
larger than that predicted by the method described in referemce 5. H
The flight periods showed sood agreement with t-hs results of that
teat.

The 1rregul'ar roll -escillation during the p&-eset turn is
belleved to be ‘due to wing-fuselage interference effects arising
from the angle of asideslip created during the turn coupled with
the pitch oscillatien. (See fig. €(c) for the period from 32

CONCLUDING REMARKS. - : L. :
In general, the flight behavior was close to that predicted - i
by calculations hesed on stability theory and oscillating table tests.

. The flight test thus indigates that the technigues employed to . . . .

predict automatic stability ave valid end praotical from en
operational viewpoint,® . St

The.. limi‘bations of the msthods used to predioct autometioc.. .
£11ght. behavior arise ]grima.zily from the fact that the calcula‘b:lnns |

.
* e
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assume no coupling among roll, pltch, "and yaw, while in actua.l
flight scme such coupling dces exist.

Lé.ngley Memorial Aercmauticel Laboratory
National Advisory Commitites for Aeronautioa
- Langley Fleld, Va. . .
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A.- Tall cone of missile
.~ Nose cone of boqster

C.- Break link

D.- Compression spring .

E.- Booster alignment adjusting screws .

Figure 3.- Exploded view of Booster attachment of MX-570 (Model C).
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Figure 5b, -

Take-off of MX-570 (Model C-1).

Fig. 5b
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Fig. 6b
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Fig. 6d
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Flight test of four-fin configuretion for MK-570 (Tiamat) miseile and corrslstion of
flight results vith dats obtained from preflight fraqusncy-resspunss tests of nutomatic
pilot are discussed. Equipped vith telemeter and eutopilot, missils was launched from
ground and tracked by radar and motion-picture cemeras, ~Flight bshavior was close to
thet predictsd by calculations, and vsaults of flight test indicated thst techniquse

smploysd to predict automatic atability were valid and practical fram operetional viev-
point.
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