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NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS e

RESEARCH MEMORANDULf -

EFFECT OF FORMATION POSITION ON LOAD FACTORS
OBTAINED ON F2H ATIRPLANES

By Carl K. Huss and Harold A. Hamer
SUMMARY

Results of a four-plane formation flight consisting of twelve pull-
up msneuvers are presented in the form of plots of maximum load factor
‘attained against airplane position for three combinations of the four
‘F2H airplsnes. Several time historles are also presented for two of the
airplanes. It is shown that the trend was for the load factor to
increase toward the end of the formation. A meximum increment in -load
factor of about 2g over the lead-airplane load factor was experlenced
- on the fourth airplane. ' '

INTRODUCTION

The National Advisory Committee for Aeronautlics in cooperatlion with
the Bureau of Aeroneutics-and the U. S. Marine Corps' has conducted a
flight program on & McDonnell F2H-2 alrplane during the performance of
its regular squadron missions. This program is part of a control-motion-
study proJect being made on seversl types of airplanes to-determine the
rates, amounts, and combination of control motions actuselly used by
pilots in carrying out normal squadron missions. During the course.of
these tests, interest was expressed regarding the effect of airplane
position in formation on the normal-load factor. Since no quantitative
.date existed concerning this subject, four alrplanes were instrumented
and flown in formetion. This paper presents the results of the forma-
tion flights. “

TEST ATRPLANES

For the purpose of i1dentification the four participating airplanes
are designated by the letters A, B, C, and D. The actual airplane serial
numbers, take-off weights, take-off center-of-gravity locations, and. the
guantities measuréd on each airplane are given in table I. The pertinent
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rhysical characteristics are gilven in table II. A three-view drawing
of the F2H airplane is presented in figure 1.

The airplenes used were normal service airplanes with the exception
of the installation of NACA Instrumentation. An F2H-1 airplane, which
was already instrumented and undergoing flight tests by the NACA, was
employed as airplane A. -Alrplanes B, C, and D were F2H-2 alrplenes and
were all assigned to a U. S. Marine service squadron, asirplane B being
the airplene used in the previously mentioned flight -program.

The only major external dlfference between the F2H-1l and the F2H-2
alrplanes is the addition of wing-tip tanks to the F2H-2. In the present
tests, however, the FZH-2 airplanes were flown with the wing-tip tanks
empty.

INSTRUMENTATION AND ACCURACIES

Alrplanes A and B were equipped with rather complete instrumenta-
tion, while airplanes C and D haed only recording accelerometers. All
Instruments were standard NACA recorders which give time histories.of
various quantities. Teble I lists the quantlities recorded for each
airplane. For each of the two completely instrumented airplanes the
individual records were synchronized by a timer. An approximate synchro-
nization of records between all four alrplanes was accomplished by a
voice signal from the lead airplane indicating when the recorders were
to be turned on and off .for each run.

For the range and frequency of the recorded gquantities, the instru-
ments used are accurate—to within *1 percent for full-scale deflection.
The estimated accuracles, based on the recorder calibrations and an
assumed reading accuracy of 0.0l inch, are as follows:

Indicated airspeed, Vi, knots . . . . . . « « « « ¢« ¢« ¢« « & o ¢ o . o1
Pressure altitude, Hb, feet . . ¢ ¢ ¢« ¢ ¢« 0 v i i e i e e e e e .. BO
Control position, Gegrees . . . v v v v o ¢ ¢« « o ¢« o « o « ¢« « « « 0.1
Normal linear acceleration, gwits . . . . . . . . . . . . « . . 0.03
Longitudinal and transverse linear acceleration, g units . . . . 0.0l
Rolling angulser- veloclty, radians per second . . . . . . . « . « 0.02
Pitchlng and yawing angular velocity, radians per second . . . . 0.005
Sideslip angle, Aegrees . .+ ¢ ¢« ¢ ¢ w4 ¢ e 0 0 s e o s e e« « ¢« o« « 0.1

It was impractical to install the accelerometers at the centers of
gravity of the alrplanes. The location of the accelerometers, measured
forward from the take-off center-of-gravity locations, was T76.2 inches
in airplane A, 76.5 inches in sirplane B, and 128 inches in airplanes C
and D. TIn airplanes A and B the accelerometers were located 14 inches

h
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to the right of the longitudinal axis and in airplanes C and D the
accelerometers were on the longitudinal axis. The vertical location -
of the accelerometers in 211 the airplanes was In a horizontal plane
through the longitudinal axis.

‘Since the accelerometers were not located at the centers of gravity
of the airplanes, the linear accelerations are subJect to corrections
of an additional amount depending on the angular accelerations. In the
present paper, however, the corrections were not applied because they
were found to be small, averaging about 0.03g and 0.0Tg for airplanes A
and B, respectively, at the time of meximum load factor. The corrections
for airplanes C and D may be twice that for airplane B bhecause of the’
Ffurther forward location of the accelerometers.

The linear accelerations and angular velocities were measured with
respect to three mutuslly perpendicular axes in which the X-axls is
parallel to the leveling line. The control angles were measured by
electrical control-position recorders, the transmitter elements being
located at the control surfaces. The sideslip angle was measured by a
vane on & hoom 6 feet shead of the fuselage nose. The pressure altitude
and indicated airspeed were obtained from measurements using the airplane
airspeed system.

TEST PROCEDURE

The tests consisted of twelve pull-up maneuvers in which airplane A
controlled the severity of the maneuvers. The maneuvers were made with
the alrplanes in the following sequences ABCD, ADBC, and ACDB; four
pull-ups were made In each sequence. The alirplanes were in a stepped-
down line-astern formation. Spacing of the formation was sbout-l plane
length astern and with each eirplane enough below the other to avoid
Jet wash on the verticel taill.

The pull-ups were made in smooth air at altitudes from 6,500 feet
to 8,500 feet and at airspeeds from 330 knots to 375 knots. Pilots of
airplanes B, C, and D were not forewarned as to when to pull up; they
merely tried to hold their formation position.

Regular U. S. Marine Corps.service pllots flew the airplanes for
these tests and each pilot was assigned to one particular airplene.

RESULTS

The results of the formetion pull-ups are given in table IIT and
in figure 2. A tabulation of the maximum accelerations In g unita
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measured during each run for the various combinations flown is given in

table III. A plot of the recorded values given in teble III is shown in
figure 2. The horizontal scele of this figure identifles the airplanes

as to their formation position; that is, position 1, 2, 3, or 4.

A typical time history of all the measured quantities of alrplane A
is given in figure 3. Time histories of the normal acceleration on
airplanes A, B, C, and D for the run corresponding to figure 3 are
presented in figure 4. For comparison, time histories of the normal

acceleration on alrplanes A and B for all the rumns are shown in figures 5,

6, and 7. All of the time histories are typical and are identified to
fit the results glven in table III. The flight velues of alrplane
weight and center-of-gravity location are included in figures 3 to 7.
The time scales of these figures canmot be used for correlation purposes
because of the method of synchronization used.

 DISCUSSION

Although there 1s scatter in the maximum accelerations, the results
ghown in figure 2 indicate a tendency for the loads to increase toward
the end of the formation. The largest difference between the maximm
load factor experienced by the lead airplane and any other airplane
in the formation 1s 1.76g and occurs on airplane D in the second run
of combination ABCD.

By avereging the differences in the maximum accelerations recorded
at various positions with the maximum accelerations recorded by the lead
airplane, the following values were obtained:

Mg, Tor position 2 . . . . . v o 4 v 4 0 4. . . . e e e ... 0.84
Mg, for position 3 . . . . . . . o0 e e e s e e e e e o e e 1.05
Mgy for position b . . . . . . . . o i i i e e e e e e 0. .. 1.20

These values indicate that, although the tendency is for the loads to
increase toward the end of the formstion, the most rapid increase occurs
betweer positions 1 and 2. This result is to be expected since in a
good formetion the pllot in position 2 has about the same warning time
as ti when the lead pilot starts to pull up as the pilots in positions 3
and

Some of the scatter in figure 2 is probably due to the fact that
the sirplanes were not always in good formation at the time of the pull-
up. In order to determine the. degree to which different pilots affected
the scatter in figure 2, the average increments In load factor obtained
by pillots of airplanes B, C, and D relative to those obtained by the
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pilot of airplane A were determined for each pllot regardless of his
ﬁositioo'in_the formation. The results indicate, on the average, that

" pllot B cobtained 1.03g's more then pilot A, pilot C obtained 0.95g's

" more than pilot A, and pilot D obtained 1.10g's more than pilot A.

These results seem to indicate that regardless of positlon all the

" pilots obtained spproximately the same g increment above the load factor
of pilot A; thus the pilot's effect on the scatter of figure 2 is small.

The fact that sirplane A did not have tip tanks while airplanes B,
C, and D did should not heve any effect on the scatier noted in figure 2
because the lead airplane merely serves to define a path in space for
the others to follow.

) By comparing the time histories of normel accelerations given in .
figure 4 for airplanes A, B, C,-and D and in figures 5 to 7 for air-
Planes A end B, it is apparent that .-the accelerations for the lesd air-
plane are smoother than for the airplasnes flying in the other positions.
Since airplanes B, C, and D were flown with empty wing-tlp tanks, the
wing nodal points and wing frequencies of all four airplanes should not
be too different, so that the differences in the cheracter of the
accelerometer records or, for that matter, in the maximum dccelerations
cannot be entirely associated with elastic effects. Tt is believed that
the two mein factors which contribute to the difference in appearance
of the normel-acceleration curves are the attempt of the pllots to main-
tain position in the formation and the possibility of one airplane
operating In or near the Jet wash of the preceding airplanes.

CONCLUDING REMARKS

From the discussion of pull-up maneuvers of four FZ2H airplenes, it
appears that increments of 2g between the lead sirplane and the fourth
“alrplane can occur at.the airspeeds of these tests irn a close stepped-
down line-astern formetion. When it 1s considered that increments due
to Jet wash and gusts may be superimposed on the increment due to
formaetion position, then it becomes apparent that excessive loads might
be obtained on the last plene in the formation if the Jead plane were to
execute too sharp & maneuver,

Langley Aeronautical Laboratory
National Advisory Committee for Aeronautics
Langley Field, Va.’



TABLE I
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TEST AIRPLANES AND RECORDED QUANTITIES

Ailrplane | Alrplane| Airplane | Alrplane
A B c D
TYDE v o ¢ « « « o o o o o o F2H-1 F2H-2 FZH.2 F2H-.2
Buler serial number . . . . .| 122540 123256 123215 123213
Tip tanks . . . . . . . . . . Ooff On on On
Take-off weight, pounds . . .| 15956 17900 17600 17600
Teke-off center-of-gravity '
location in percent of the
mean aerodynamic chord . . . 26.2 26.6 26.0 26.0
Recorded gquasntities: .
Indicated airspeed . . . . . Yes Yes HNo No
Pressure altitude . . . . . Yes Yes No Ko
Aileron angle . . . . .« . . Yes Yes No |. No
- Rudder angle . . . . « . . . Yes Yes No No
Elevator angle . . . . . . . Yes |. Yes No No
Longitudinal acceleration . Yes Yes No Ro
Transverse acceleration . . Yes Yes Ko No
Normel ecceleration . . . . Yes Yes Yes Yes
Rolling velocity . . . . . . Yes Yes No Ko
Pitching veloclty . . . . . Yes Yes No No
Yawing velocity . . . . . . Yes Yes No No
Yaw angle . . « ¢ ¢ 4 o+ 4 Yes Yes No No
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TABLE IT
PHYSICAL CHARACTERISTICS OF WING-AND
HORIZONTAL TAIL OF TEST AIRPTANES
Wing: : -
Total area (including flaps, ailerons, and 33.3 square feet
covered by the fuselage), square feet . . . ... . . . . . . 29k.1
Span (without tip tanks), inches . . « « « ¢ ¢« v « « « « . . 500.8
Span (with tip tanks), Inches . . . . . . &« . ¢« ¢+ ¢« + « « « « 539.9
Aspect ratio . . . . . i L. i 4 i et e e e e e e s e e ... .5.8"
Taper ratio . . . . . . . e . . « e e o s 4 «e-a - . . 052
Meen serodynamic chord (at wing station 111.0 measured _
normal to center line), inches . . + « « = « « « « « . « . 88.37
Sweepback -(leading edge), degrees . . . - « « « « 4 4« 4 4« e e o . O
Root airfoil sectiom . . . . . . . . .. . .. ... . NACA 65,-212
-Tipairfoil section . . . . . . . . ¢ e-v ¢ « « . . . . NACA 63-209
Horizontal tail: . . )
Total area (including 17.66 square feet of elevator),
square feet . . . . . . . 4 i et e it i e e e e e e e e .. 69.8
Span, inches . . . . . . . . . . . . e e et e e e ... 22h7
Aspect ratio . . . . . . . . L . et e e e e e e e e e e e . k6B
Taeper ratio . . . . . . . e e et e e e te e e« . 0.603
Mean serodynamic chord (horizontal-tail station kg.63
measured normel to center line), inches . . . . . . . . . . . 47.k
Alrfoil section . . . . . . . ... ... ..... NACA 65(10)-0l1

‘t811), INCHES . . . . 4 b b e i 4 e e e e e e e e e e e . . 225,20

““EE;!P’



TABLE III
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MAXIMUM POSITIVE NORMAL ACCELERATIONS FOR PULL-UP MANEUVERS

[Airspeed, 330 to 375 knots;
eltitude, 6,500 to 8,500 feel]

. Maximum positive accelerations, "g" units
Formation

Run 1. ~ Run 2 Run 3 Run 4

A 1.92 2.3k 2.68 3.87

B 2.55 3.38 3.55 5.25

C 3.10 3.65 3.45 4,63

D 3.35 k.10 3.95 4 .80
A 2.87 3.40 3.45 k.30

D 3.70 3.85 3.75 5.65

B 3.55 L 43 L, 48 5.15

o 3.75 b, 75 k.30 5.45

A 2.57 4.30 37T b, b2

c 3.85 4.55 4,62 5.35

D k.15 5.00 5.00 5.80

B 3.67 5.35 5.05 5.75

W
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Figure 1.~ Three-view dra.;ring of a McDonnell FZH fighter airplene, All
: dimensaions in inchg,s_. .
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(a) Airplane A; weight 14,84k pounds; center-of-gravity location,
25.5 percent of the mean serodynamic chord.
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g E ‘ 26,4 percent of the mean serodynamic chord.
' 6
§ 4 v ~
' 7 1Y
2 - D, »
oG 3% 7. 6 8

(c) Airplane C; weight 16,400 pounds; center-of-gravity location,
25.8 percent of—the mean aerodynamic chord.
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(&) Airplane D; weight 16,400 pounds; center-of-gravity location,
25,8 percent of the mean aerodynamic chord.

Figure k.- Time histories of normal acceleratlon on airplanes A, B, C,
. and D in formation ABCD, run 4; pull-up to the left.
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Figure 5.~ Time histories at normal acceleration during pull-upe to ‘the
left for airplanes A and B in formation ABCD.
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Figure 6.- Time histories of normal acceleration during pull-ups to the
left for alrplanes A and B in formation ATEC.
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! Figure 7.~ Time histories of mormal acceleration during pull-ups to the
right for a.irpla.nes Aand B In formation ACDB

GOTTST WA VOVN

a4



NASA Taohnical L

T ION

g




