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DETERMINATION OF FLIGHT PATHS OF AN $BD-1 AIRPLANE
IN SIMULATED DIVING ATTACKS |

By Harold I. Johﬁsoh
SUMKARY .

An investigation has been made to determine the
motions of and the flight paths described by a Navy dive-
bombing airplane in simulated diving attacks. The data
necessary to evaluate these items, with the ‘exception of
the atmospheric wind data, wore obtained from automatic
recording lustruments installed entirely within the air-
plane., The etmosphorlc wind data were obtained from the
ground by the balloon~theodolite method. "

The results of typical diveg at various’ dive angles
are presented in the form of time histories of the motion
of the airplane as well as flight paths calculated with
respoct to still air and with respect to tlu ground.

e e

- INTRODUCTION

Records have been obtained for a number of simulated
diving attacks made with a Douglas S§BD-1 airplane. In-
struments necessary to rocord flight-path data were in-
stallcd in the airplane-and tests were madd at Langley
"Field, Va. Flight tests cousisting of a total of 18 dives
were made on October 19, 1942 2nd October 20, 1942. The
" tests were made by two pilots from the Dahlgren Naval
Proving Ground each of whom made nine dives covering dive
angles ranging from aporoxzimately 45° to 75°, The two
Navy pilots are designated pilot. A and pilot B throughout
the paper. Data recorded during the test dives have been
evaluated by NACA personnel, and data from six typigal
dives are presented herein, LT o -



INSTRUMENTATI ON AND TEST PROCEDURE

Data were recorded in flight by the following NACA
instruments, which were synchronized by a2 timer:

l. Airspeed recorder
2. Three-compouent accelerometer

3. Recording altimeter’(inéluding sengitive d4if-
ferential static-pressure recorder)

4, Bolling-velgqity recorder

5., Pendulum inciinometer in pitech

6. Gryo inclinomete; in pitgh

7. 35~millimeter Eyemo horizon camera

8. 16—millim¢ter Ciné-Kodak Special horizon camera

The airspeed recorder was connected to an NACA free-
swiveling static head mounted at the end of a boom extend-
ing a chord length ahead of the right wing near its tip
and to an NACA total-head meter located & feet behind and
41 inches below the static head. ILines used to transmit
pressures from the heads to the recorder were balanced for
lag in order that no error would be incurred in recorded
airspeed because of rapid changes in altitude. No meas-
urements were made of the time lag in recording airspeed
because-of changes in speed, but the time lag was calcu-~
lated to be only about 0.1 second by the method presented
in reference 1 and was therefore neglected.

The recording altimeter was opened to cockpit pres-
sure in order to reduce lag and the records of the altinm-
eter were corrected for the difference between cockpit
pressure and airspeed static pressure as measured by a
sengitive pregsure recorder. Lines transmitting pressures
to the pregsure recorder were also balanced and the slight
lag error calculated for the recording altitude system
was likewise neglected.

The pendulum inclinometer was used to destermine ref-
rence angles between the thrust axis and the horigzontal
for correlation with gyro-inclinometer and horizon-camera



data. For this purpose, short simultancous rccords were
taken on all instruments in straight level flight imme-
diately before the dives were entered for mOSt or all
-dlvcs made in. ecach f11 ht. :

‘The 35—m1111muter Eyume camera and its clectric’
dr1v1nb motor were enclosod 4in: 2 dummy bomb.attached .
to the bomb rack under the right wing. -The lé-millimeter
‘0iné-Kodak Spécial spring-driven camera was mounted
dinside the fuselage behind the rear cockpit. Both cam-
eras were lined up Wlth the Y. .axis of thc airplane and
get to photograph thé horizon to the right of the air-
“plane throughout the dives, .. Ordiunary panchromatlc film
was uwsed in congunctlon with a 4X red filter for penc—
trating hazo. :

“In addltlon to thb recordlng ingtrumentg listed,
an electrical re31staacc~type thermometer was installed
with its indicating dial on the pilot's instrument panel,
Temperatures rcad by the pilot at oach 1000-foot level
~dur1ng the initial éllmb for each flight were correctud
for comprcessibility. in order to obtq1n free-air tempera-
ture patterns used in corrpctlnL indicated to true air-
speed.

Atmospheric wind data were collccted by the balloon-
theodolite mcthod at the Worfolk Naval Air Station for
times as necar as possible. to those at which dives were
mads. - These data were used to detecrmine space flight
paths after flltht paths relative to. st111 air were
known. » :

Fllpht tests cons1sted of - nlne leG“ by pilot A and
nine by pilot B. Each pllot made three ' dives at 459,
three at 60°%, and three at 75% .The dive angles were
‘estimsted by the pllots by vxsual mesns alone. Fall div-
ing flaps were used throughott ‘the -dives and rolling
velocities were held to a minimum.:: Dives ‘were entered,
withrout rolling, from a direction 'so chosen that the sun
was approximately ovér the left wing tip. This procedure
fixed the direction of the dive in spnce so that atmos-
pheric. wind data could be. corrélated with air flight
paths to obtain space flight patls and 1nsured optimum
light conditions for the horlzon cameras.



RESULTS

A summary of airplane conditions and results obtained

for all 18 dives are presented in table I. 1In figure 1
are shown atmospheric wind conditions measured over Nor-
folk, Va., at times nearest thosge at which flights were
made.” Pigure 2 shows the data of figure 1 altered to =
give the component of Wlnd'veloc1ty actlng along the agi-
muth direction of the flight paths based on the assump-
tion that all dives were made along the reference direc-
tion fixed by having the sun directly over the left wing
tip. In the calculation of space flight paths, the fur-
ther assumptlon was made that wind conditions during any
dive were identical with those measured nearest the time
of the dive. TFigure 3 ghows the free-air tcmperature -
readlngs plotted against the altitude readings, which
were made in the test flights and subseqqutly used in

correqtlng indicated to true airspeed,

.. Complete data for the six typical dives are present-
ed as time histories in figures 4 through 9. The indi-~"
cated airspeeds glven in thgse figures were calculated
from the relation

Vi '= 45.08 "/qC

where ¢, 1is the measured impact pressure in inches of
water. The compressibility correction was applied in
calculations made to obtain the curves labeled "Truwe"
in the plots of airgpeed against time. Values of true
and indicated airspeed given may be in error by about 1
percent at low angles of attack or about 2 percent at
high angles of attack since no calibration was made of
the airspeed system for error due to pitot-static-head
positions. The error in rédorded altitude due to static-
head p031t10n ig negllgible. Accelerations shown were
estimated "to be accurate to within the following limits:
normal, +0.05g; longitudinal, +0.04g; &and transverse,
+0.03g., The attitude angles shown arc those measured
between the airplane thrust axis and the horizontal by
either the gyro inclinometer or the horizon camera.
Absolute angles of attack and flight-path angles rela-
tive to the air were calculated by the muthod ¢xplained
in the followiag dlscuss1on.

Figure 10 shows instantaneous conditions existing
in 2 dive as well as most of the items used in flight-



path calculationss For purposes.of analysis, tthC 1tems
are defined as folloWsz

B attitude angle ‘defined as angle between thrust ax1s
cand. horizontal as measured by horlzon camera or
(8YyTro 1nc11nometer ‘ 4 _

Y4 - angle of alr flight pabh With horlzontal ”

Qg ..cabsolute angle of attack of alrplane o

Va meagured alrspeed

YSZ; resultant Veldéity Qf.airplgﬁewip space

Vay vertical coﬁb&hentiéf“méasured éifspéed

Vé&{}Vertical compone 1t of, alrplane velocltv 1n space_k

VAH. harlzowtal comboaent of measured alrspeed .

VSH horlzcntal component of alrplaue veloclty 1n space

Vy component of . wind velocity. parallel to az1muth
direction of fllght path

ap component of acceleration in "g" units acting along
e the 2 axis of .the ajirplane.

w grOSs welght of alrplane
F:pm thg.b§31pv9quatlon'§pr 1ift,

acy,

,he¢gx§feséibpffbr absolute angle of- attack is deduced as

Way,

| T U (1)
- i Sa
a
-Where

;rate of change of a;rplaﬁe 1ift coeff1c1ent Wlth
angle of attack :



§ °~ wing area, square feet ‘
.q dynamig-pregéﬁre; pbuﬁdsvpér;squafe foot

If 95 percent: of the value of .?E%ﬁ ‘measured in-
wind- tunnel tests of an SBD~1 model is- used for the value
of %%% for the §BD-1 airplane in order to:account for -

the effect of perforated flaps, and if q is measured
in inches of water, eguation (1) becomés ‘

- Wa,  Wa _
rd’a = - o = - ._1’1‘ ' (la)
-0.0725 X 824 X 5.2¢g 1224 I 27

The angle of attack for gzero lift relative to the.-
wing chord line was taken as -2° on the basis of unpub-.
lighed wind-tunnel measurements. §ince the angle of
incidence of the wing relative to the thrust axis was
2.5°, the expression for ‘angle of air flight path with
the horlzontal is .

or
_ . Weg . .
=0+ 405 - 22— 0 (2)

Values of « and vy cdlculated by dse of ‘equa~-
tionsg (1a) and (2) are shown in the time histories. in
figures 4 through 9.

With the true velocity and direction.of the airplane
relative to air known, the air flight paths (assuming
no wind-velocity gradient) were determined by step-by-
step integration of the horizontal and vertical displace-
ments s up to any time +t; ‘that is,

SAH = Zg VAHAAtaz Zg Vs cos vy At (3)
t ot ‘
spgv = Lo Vay Ot = T Vy sin vy At (4)

Since the wind velocity was assumed to be horlzontal,
equation (4) is “lso the expression for the vertical dig-
tance traveled in space.” The horizontal distance trav—
eled in spaece is simply o



SSH = ZO‘ (V.A. cos ’VA. -+ VW) At

t

t .
sgqg = 5, Vp-cos Yy At + %) Vw bt B €5)

Hote that the firgt term on the right-hand gide of
egquation (5) is identical with the right-hand side of
equation (3). The second term on the right-hand gide
of equation (5) gives simply the horizontal distance
traveled by the airplane (with respect to the ground)
due to the motion of the air through which the airplane
ig moviang.

Flight paths relative to air and space are presented
for the six typical dives in figures 11 through 16. Tinme
increments during which velocity and angle were assumed
constant had a value of 1 second. The first point shown
on each path corresponds to zero time, the second to 1/2
second, the third to 1y seconds, the fourth to 2% seconds,
and so forth. Data used in flight-path calculationsg were
teken from originel insgtrument records rather than fromn
ticze histories in order to preserve accuracy.

Relative attitude angles or 2ir flight-path angles
between any two times during a particunlar dive are esgti-
mnated to be accurate to within £1°., Absolute values of
thegse angles for any dive are estimated to be accurate
to within 29, The length of any air flight path is esti-
mated to be accurate to within £2 percent. Comparable
values for gpace flight-path accuracy csunot be definitely
stated since exact wind conditions exiting during each
dive were not known.

The discrepancies which were founu between loss in
meagured pregsure altitude and loss in calculated geomet-
ric altitude are attributed for the most part to diffi-
culty in obtaining exactly correct initial attitude an~
gleg by meang of pendulum inclinometer readingss . It is
notevworthy that in flights 1 and 2, where the correlation
of initial angles was best, the average difference betwean
altitude losseg for nine dives was 1.67 percent of the
loss in measured pressure altitudzs as compared with 2,92
pércent for the nine dives made in flight 3. The glight
error in airgpeed measurements, #s well as the devia-
tion in ambient pressure against altitude relationsghips
from staudard conditions, also contributed to these dis-
crepancieg. ‘

Langliey Memorial Aeronautical Laboratory,
National Advisory Committee for Aeronavtics,
Langley Field, Va.
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TABLE I
ATRPLANE CONDITIONS AND RESULTS OF DIVE TESTS WITH SBD-1 AIRPLANE

Pilot[Flight Date Time Alrplane | Reference |Estimated |Estimated|Measured|Loss in [Loss in Difference |Figure [Figure
and of gross dive maximum angle space standard|geometric|in altitude| showing|showing
run dive welght, W! direction|deviation of dlve pressurejaltitude [loss (per time alr and

(Eastern (1v) (deg from dive angle altitude (£t) cent of history| space
War Time) azimuth) | reference| (deg) (deg) (ft) loss in of flight
direction standard motion paths
(deg) i pressure
altitude)
1-1 12:50 p.m| 7450 .270 30 L5 I3 0 2.8
1-2 12:56 hao 270 20 L& Ll g%%o 22% 1.0 N 11
lpﬁ 1:0 7380 270 120 %g 3 3530 3576 -1.3
1= 1:11 7350 270 ;30 1 2820 2839 -0.7
A 1-5 110/19/h2 | 1:16 7330 270 30 60 5 450 3515 -1.9 5 12
2=1 341 490 320 30 60" 5 000 3391 2.7
2-2 3:49 450 320 30 75 5 5290 15192 1.
2- z:ss 7h20 320 20 5 60 6120 6032 1.2
2= 10 7360 320 30 5 66 7520 7615 -1.3 6 13
Z.1 Ls22 71,80 330 t15 75 0 61,00 656 -2.6
3.2 L:30 7450 530 $15 75 ? 1,680 1353 1.6 7 H
27 h=39 7400 330 hs o3 T 4310 |LL53 -3.3
| |nkd | B | 3% 12 5 1|30 |36 1.3
B 5-2 10/20/L2 | L:5% 7340 330 s 60 61 070 Elzﬁ -2,1 8 15
3. L:53 7310 330 15 60 62 3870 36 g -5.2
3-5 5:05 7280 330 115 L iy 22350 233 =2¢5
2. 5:10 7260 330 +15 L5 ug 2900 292& -2.5
3-9 5:15 7240 330 15 L5 b 2410 236l 1.9 9 16
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WACA Fig. 2
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Pigure 14.- Flight paths for estimated 759 dive of SBD-1 airplane
by pilot B in flight 3, run 1.
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Figure 15.- Flight paths for cstimated 60° dive of SBD-1
airplanc by pilot B in flizht 3, run 5.
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Pigure 16.— Flight paths for estimated 45° dive of SBD-1
airplanc by pilot B in flight 3, run 9.





