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THE DEVELOPMENT OF SATISFACTORY FLYING QUALITIES ON TEHE
DOUGLAS DIVE BOMBER, MODEL SBD-l.THROUGH FLIGHT TESTING
SUCCESSIVE MODIFICATIONS IN CCONTROL-SURFACE AREA,
HINGE-LINE LOCATION, AND AERODYNAMIC-BALANCE NOSE SHAPE

By L. E. Root

SUMARY

Upon the basis of interest expressed in the methods used to
obtain desirable contrcl-force characteristics on the Douglas
Model SBD-1 airplane by minor relocation of control-surface hinge
line in combination with modifications in aerodynamic balance
nose shape, flight-teet data contributing to the development of
the present SED~1 flying qualities have been presented, In view
of the consideration that such informaticn would be of possible
value ags a guide for obtaining satisfactory flying qualities on
other experimental airplencs, detailed flight-test results indi-
cating the effects of various wing- ani control-surface modifica-
tions on the etalling characteristics and stability and control
of the prototype models are included,

A brief history of the various design phases is given for
better understanding of the modificaticns finally incorporated
in the model SBD-1., Flight-test rosults obtained during these
phases are presented and discussed in three sections: stalling
characteristics, lateral-directional stability and control, and
longitudinal stabllity and control, All available information
is given to describe the detailed nature of each modification in
control-surface ares, cross sectlon, aerodynamic balance nose
shape, hinge-line adjustment, or change in control system, Par-
ticularly, the method used to obtain hinge-line adjustment with-
out change in the moveable-to-fixed control-surface gap 1s shown,
A comparison is made between the original and the final alrplane
configurations, particularly emphasizing the nature of control-
surface modifications made.

Certain definitions and symbols, in addition to those given
in other NACA publications, were found necessary in order that
the detailed control-surface gecmetry be specifically deflned.
These are offered for adcption as standard in other technical
data to be published on control-surface design, Based upon the
extensive flight testing accomplished on the SBD-1 and prototype




models, in combination with other Douglas control-surface-design
experience, reccoamendstions are mede with respect to (1) pro-
viding necessary facilities for adjustment in control-surface
hinge line, balance nose shaps, and control system; and (2)
designing the detailed control-surface shape for most efficient
use of aerodynamic ncse balance,

INTRODUCTION

This report has been prepared at the request of the National
Advigory Committee for Aeronauvtics and the Bureau of Aeronautics,
Navy Department, who expressed interest in the successful methods
employed by the Bl Segundc Plant of the Douglas Aircraft Company
in attaining desirable control-force characteristics on the model
SBD-1 airplane by minor relcocation of control-surface hinge lines
in combination with modifications in serocdynamic-balance nose
shape. It was considered that such a descripticn would te of
service to other manufacturers of military ailrcraft as a dirsct
aid for obtainirg satisfactory flying qualities on experimental
airplanes, Since informstion of this nature must be finally
interpreted by the Aerodynamics and Flight Test personnel of any
company before specific applicatlon to experimental designs is
made, particular care has bsen taken to describe in detail succes-
sive control-surface changes made and flight-test results obtained.
Because of the possible difficulties in interpreting correctly
effects of isolated changes in the balance nose shape and hinge-
line location, it was considered advisable to include all availl-
able flight-test data contributing to the development of the
present SBD-1 flying qualities. It is to be emphasized that
most of this information ls of a characteristic qualitative
nature, having been obtained by several different pilots and
observers, and therefore may not be wholly consistent.

NOTATION

Definitions and symbols used in this report follow standard
NACA conventions and those given in reference 1. Additional nota-
tion was found necessary to gpecify further detailed control-
surface geometry,

It is suggested that these be adopted as standard in other
technical data published on control-surface design, Subscripts
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a, e, r refer to ailerons, elevators, and rudder; subscripts
W, H, V +to wing, horizontal surface, and vertical surface.

Lengths
IH, ZV tail lengths measured parallel to fuselags reference
line in the plans of symmetry from the 25~percent-
chord point of the wing mean aerodynamic chord to
the control-surface hinge line at the base of the
movable surfaces

1 perpendicular distance between plane of symmetry and
the centrold of the wing area affected by alleron
including alleron

byy by, by, by* Wing, allercn, and horizontal~surface spans
are teken in the horizontal plane perpen-
dicular to the plane of syrmetry. The
vertical surface sgpan is taken perperndicu~
lar to fuselage reference line in the plane
of symmetry frcm the Intersection of the
fin leading edge with the extension of the
top fuselage line,

Cyr Cgs Oy wing and control-surface chord lengths measured
parallel to the plane of symmetry and in the
chord plane. (Comstruction tip and root chords
are designated by the proper subscripts, T
and R, respectively.)

Sy s Cm s Cp total moveable-control-surface chords measured
a e r parallel to the plane of symmetry and In the
chord plane

Cy s %y 2 movable-control-surface chords forward of the
a e r hinge line
Cus Cor Cp movable-control-surface chords aft of the hinge
line

M ar ms m em e em w a ES s e W M m 2w S S G M W e Gr W A W @ = e > -

¥For the SPD-1, by was measured from the base of the rudder to

facilitate comparison with and without movable tall cone.




tw, tH’ tv mean aercdynamic chord of wing and control surfaces
computed in the menner outlined in section II,
part II, paragrapa 7, revision 4 of the Army
Fandbook of Instructions for Alrplane Designers,

volume I
tay tes Ty mean aerodynemic chord of control surfaces aft of
the hinge line
Y. te,s bty mean asrodynamic chord of control surfaces aft
LA of the hinge line affscted by the tab including
the tab
Arsas
Sys> Sgs Sy Gross wing and horizontal-surface areas include

cut-outs and portions covered by tiie fuselage

and are measured in a horizontal plane with
chordwise dimensions in their true length,

Gross vertical-surface area includes only that
areca above & horizontal line through the inter-
section of the fin leading edge with the extended
top fuselage line,

Sma’ Sn%, Smr total movable contrcl-surface areas

Sy 5, Sy, Sy control-surface areas measured forward of the
a e r . ;
hinge line
Sas Segs Sp control-surface areas measured aft of the hinge
line
Sy > Sg o Sy amount of total-surface areas affected by movable
a € r surface including movable-surface areas

Sw s SH , SV amount of total-surface areas affected by tab
t t t including tab areas,

S S S movable-control-surface areas aft of the hinge
line affected by tab including tabd areas

St ) St ’ St trim, servo, or balancing-tebd areas aft of the
a € r hinge line
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Ratios

ARW, ARH’ ARV wing and ccntreol-surface aspect ratios
(txq)e (tﬁz)a (?j[)g

defined as

Sy Sy
OW’ GH’ GV wing and control-surface taper ratios defined as
Cx, Cy C
Wy THp Vg
Cy Cy;
/JR LR C'VR
By Bgs Bp aerodynamic-~talance ratios expressed in terms of
control-surface arcas aft of the nhiinge line and
S, Sy, 5
4 ..
delined as _..7%, _59, -,
S Sg Sp
Angles
iw angle of incidence of the wing using root chord and fuselage
reference line
1t angls of incidence of the horilzontal stabilizer using

horizontal-gsurface root cherd ard fuselags reference line

ir angle cf offgst of the vertical stebilizer using the plane of

: symmetry as a re’erence (same sign convention as angle of
yaw)
6&’66’ Gr movable=-control-surface angles with respect to fixed-
control suriaces

& , &, &, trim, servo, cr balancing-tab angles with respect
a e r to the movable~-control surfaces

p angle between thrust § and fuselage reference line

)

HISTORY

For a better understanding of the model XBT-2 configuration
at the begimning of the flight tests to be discussed in this
report, previous stages in the develcpment of the XET-2 and




comparison with the production model BT-1 are of interest. The
38th airplane of the BT-1 contract wes built into the experimental
model XBT-2, primarily to furnish a more satisfactory and completely
retractable landing gear, Although this change completed on April
25, 1938, resulted in a speed increase, additional periormance
improvenent was desired by the Bureau. Opportunity was taken to
change engines at the time of a rework necessitated by a gear-up
landirg during the initial flight testg, After going through the
preliminary demcnstraticn at ths plant, the airplane was delivered
on August 24, 1938, to the Naval Air Station at Anacostia, D. C.,
for service-acceptance tests wvhich started on August 27, 1938, and
were completed on November 2, 1938, The only Trial Board recom-
mendations concerning changes affecting stebility end control were
to modify the aileron contrcl system for reduction in forces at
high speed and "kick" at the gtall. With respect tc character-
istica affecting stability and control, the XiT-2 at this time
differed from the standard production ET-1 airplane in having:

1, Provision for complete instead of partial retraction
of the landing gear

2. A change in engine installation from R1535-94 Twin
Wasp Junior, rated 750 bhp at 9500 feet to the
R1820-32 Cyclone engine, rated at 800 bhp at
15,000 feet

3. A resulting weight increase of 445 pounds and change
in center-of-gravity location from 30.2 percent
(gear down) and 31.5 percent (gear up) to 26.6 per-
cent M.A.C. with gear up or down

4. A revised wing tip and a lé-inch extension in aileron
chord giving 3.6 sguare feet additional wing area

5. A pitot-head ingtallation cn the top of the fin as well
as on the left wing tip

A7ter completion of the service trialg in November 1938 the air-
plane was installed in the NACA Tvll-scale wind tunnel at Langley
Field during January and February 1939, for the purpose of inves-
tigating possibilities of drag reduction and to determine wing
stalling characteristics. During the acceptance trials and the
wind-tumel tests the XBT-2 did not have wing-tip slots,




Upon return of tha aivplare to the Naval Air Station at
Anscostla from Langley Field during the first part of March 1939
additional flight tests were conducted in an cverload scout con-
dition comperablc to a pogsible production design with additional
equivment and a 3C-gallon fuel increase to give the greater range
originally obtainad on the BT-1 model with the R1535-94 engins,
Thnese changes increased the weight 430 pounds and mcved the center
cf gravity aft 2.1 psrcent to 28.7 percent mean aerodynamic chord,
thus adversely arfecting the stability and control characteristics
of the airplane, In view of the above changes in weight and bal-
~ance corbined with the Durcau's desire to improve the possible
production BT-2 stability and control characteristics as compared
with the BI-1, specific recommendutions for modificaticns in the
control surfaces for application to any future producticn air-
planes were made., One of thess suggestions also applicable to the
experimental XBI-2 alrpleane was to incorporate the [ixed wing-tip
slots already develorsd from flight tedts conduvucted by the Douglas
Aircraft Company on the fiftisth production BT-1 model from Mzrch
29, 139, to April 21, 1939, Theee tests were concerned with the
investigation of stalling characteristics 1n the carrier-landing
cendition, ard it was desired that the L37-2 model incorporate
modifications vwhich resulted in mprovoment, Tip slots were in-
corpoiated in all exieting RBRT.1 airplarnes by Service Change Order
to cobtain necessary imgrovement during carrier operatiorn.

Flight teste with which this report is moet concerned started
et the time the XBI-2 airplane was returned to the plant for incor-
poration of all recommended Trial Bourd changes. "These changes
were made during the peried firom March 9, 1939, to May 19, 1339.
For convenlence all {light-test infcrmation has been divided into
chronologicuzl phases, each phage containing a series ol tests
conducted either at the plant or at Anacostia on wing or control-
surface medifications walch were possgible to maks without major
rewvork.

Phase T
Flights 1 to 10, from June 3, 1939; to June 14, 1939, at Plant

As a moans of improving wing stalling characteristics, the
XBT-2 of rvhase I incorporatved scre of the modifications suzgested
by the full-scale tunnel tests, as well as changes recommended by
the Navy Trial Board: Fixed wing slots were incorporated in the
- wing tips, auxiliary fuel tanks of 30-gallon capacliy were added,
a gap-sealing strip was added to the outboard end of the flap,




the lower-surface aileron~hinge cut-outs were covered, the
straight section of the pitot-heat installation on the left wing
was replaced by a gooseneck section, the fin pitot head was re-
moved, and the carborundum was removed from the forward 45 inches
of the walkways., Trial Board changes affecting the wing were made
on the basis of improved stalling characteristics obtained during
flight tests of the BI-1l Serial Number 0639 by the Douglas Air-
crait Company. An additicnal change was a 4-inch increase in the
height of the overturn structure for increased pilot protection in
the event of capsizing. Ths flights of this phase were made in
the scout-overload condition with 210 gallons of fuel, The air-
Plane was loaded so that the center-of-gravity position was located
at 27.7 percent mean aerodynamic chord. This forward center-of-
gravity movement of 1 percent from the previous overload scout
location of 28.7 percent mean aerodynamic chord used during Navy
tests prior tc this phase was due to the proposed installation

of twec instead of one ,50-czliber Tixed machine gun. These
flights were mainly concerned with the improvement of the wing-
stalling characteristics, Separate effects of fixed wing-tip
s8lots and wing-leading-edge modifications were obtained., It was
considered that some of the changes made decreased the aileron-
control forces at high speed and tended to eliminate the sudden
reversal or "kick" at the stall,

Phase II
Flights 1 to 16, from Jﬁly 17, 1939, to July 31, 1939 at Plant

Upon completion of the flights in phase I the XBT-2 airplane
was returned by Navy pilot to the Naval Air Station at Anaccstia
on June 21, 1939, where an inspection of the recommended Trial
Board changes was conducted, Additional tests were made at the
Naval Aircraft Factory with particular emphasis placed on arrested
carrier landings. It wag concluded that the incorporaticn of wing-
tip slots materially improved the handling qualities of the air-
plane during carrier approaches and arrested landings. On the basis
of additional tests in the overload-scoul condition with 210 gallons
of fuel (c.g. at 27.7 percent M.A.C.), the Flight Test Section made
gpecific recommendations for the following changes to provide
improved stability and control in the carrier-landing condition:

1. Positive lateral stability at from 5 to 10 miles per hour
above the stall ‘

2, Additional longitudinal stability with increased elevator
motion to produce the stall
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On July 14, 1939, the airplane was returned to the plant by Navy
pilot, at which time the flights of phase II were made involving
the effects of modifications in vertical and horizontal control
surfaces, and changes in dihedral angle as a means of obtaining
desired characteristics. Temporary additions were made to both
the horizontal ani the vertical surfaces giving span increases,
and the wing dihedrel was increased 2°., The flights in this phase
weres made for the purpose of checking the stability and control
characteristics of the airplane in the scout-overload conditiom,
1000-pcund-class-homber condition, and extreme noselieavy condle
tion with a view to obtaining through necessary control-surface
medifications flying characteristics desired by the Navy.

Phase III - Flights 1 to 24,
from September 8, 1939, to September 22, 1939, at Plant

From results obtained in phase iI, 2° increase in wing
dihedral was maintained and all control surfaces were rebuilt
with provisions for hinge-line adjustment and change in balance
nose shape, The temporary mcdifications which increased the
area and the span of the horizontal and the vertical surfaces
in phase II were permanently incorporated on the basis of the
improvements obtained. Provision was made for either a fixed
or a mcvable tall cone and the aileron plen form was changed,
giving constant balance chord alcng the span. To provide posi-
tive centering of the allerons and to eliminate the undesirable
reversal of "kick" at the stall, a strut with double-acting
spring was included in the left side of the aileron-control
system. The degree of tluntness of the aileron ncse shape was.
increased and the slevator and rudder nose shapes were changed
from blunt to elliptical. A larger elevator trim tadb was pro-
vided, and variations in elevator mzchanical advantage were
tested, Flights of phase IIT primarily involved determining
the most satisfactory control-surface hinge-line positione &nd !
balance nose shapes, and deciding whether the tail cone should
be Tixed to the fuselage or movable with the rudder, The best
configuraticn from thisg phase was submitted to a pllet repre-
sontative of the Bureau, who ccnsidered that insufficilent improve-
ment had toen made.




10

Phase IV - Flights 1 to 21,

from October 6, 1939, to October 11, 1939, at Plant

Since the best control-surface arrangements from phase IIT
were not considered sufficient improvement, an additional set of
mcvable contrcl surfaces was made, all having chord reductions

aft of the hinge line. The reduction of l% inches in aileron

chord resulted in a decrease in wing area of l% square feet,
Flights of phase IV invclved additional elevator hinge-line

ad justment, variation of elevator mechanical advantage, changes
in elevator, rudder, and aileron balance nose shapes, and further
tests with tail cone fixed to the fuselage or movable with the
rudder. The effects of increased aileron and elevator control-
surface gaps and of increased aileron travel were determined.

Phase V - Flights 1L to 7,

from October 28, 1939, tc November 6, 1939, at Anacostia

Upon the basis that the optimm arrengement obtained through
tests in phase IV was an improvement, the XBT-2 airplane was flown
by a Navy pilot to the Naval Air Station at Anacostia for accept-
ance, Althcough longitudinal and lateral stability were considered
satisfactory, it was desired that the directicnal stability and
control in the carrier landing condition be improved. For this
phase the aileron travel was decreased tc 17° up, 10° down, as in
phase 1II., The flights of phase V concerned additional tests con-
ducted by the ccmpany pilot at Anacostia on modifications to the
fin, the dorsal fin, the rudder, and the rudder tab. During this
phase a final satisfactory vertical-gsurface configuration was
approved, except for rudder-trim~tab effectiveness; this was
increased on the production mcdel SBD-1, formerly known as the
BT-2.

Phase VI
1
Flights 1 to 77, from May 1, 1940, to May 30, 1940 at Plant
The production model SBD-1 incorporated all control-surface

arrangenents approved in phase V with slight modifications in
rudder, elevator, and aileron nose shapes; dorsal fin; rudder
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trim tab; and elevator cut-out. The elevator hinge line was

moved aft 1/16 inch from the location of phase V, the balance

nose was changed from a radial to the finzl modified elliptical
shape, the elevator cut-out was replaced with stabilizer area,

and the rudder-trim-tab span wvas increased. A modification on

the retracted landing-gear-irto-wing falring reswlted in a wing-
area incresase of 5 squave fest., The dorsal fin lines were refalred
to give 3.4 square fest rather than 4 square feet, and the tail

cone was Tinally fixed to the fuselage. The fuseclage was refaired
immediately aft of the cowling in order to eliminate the undesirable
"necking-in" reported ag Increcasing the drag in the full-scale-
tunnel teets, It was inadvisable tc take advantage of an additicnal
possible drag reducticn by covering the holes in the dive flaps in
view of their desirable effectiveness in climinating tail buffeting
with dive flaps open., Flights of phase VI1 constituted the pre-
liminary demonstration on SB8D-1 (no. 1596) during which final minor
ad justments in elevator and aileron hinge lines were made, and the
geparate effects cf wing slets, ailorcn-to-wing gap, and several
wing-loading-edge modifications on the stalling characteristics

were determincd.

Phase VI8
Flights 1 to 9, from May 28, 1940 to May 31, 1940 at Plant

Flight tests during this phase wers made on the second SBED-1
(no. 1597) and were of supplementary nature to those for the pre-
liminary demonstration. They involved the separate cffects of
right and left wing-tip slots, pitct head, and aileron~to-wing
gap on the stalling characteristics. A comparison of the stability
and control characteristics with the XBT-2 of phass V was made.
The second SED-1 (no. 1597) was used in addition tc no. 1596 to
obtain flight-test resvlts and comparisons on as many modifica-
tions as possible in the shortest time. The final wing arrange-
mont included fixed wing-tip slots without lending-edge modifica-
tions, and ailercns with minimum upper-surface ailleron-to-wing

&ap.
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DISCUSSION ~ SECTION I

STALLING CHARACTERISTICS
(Reference table IV)

Models BT-1 and XBT-2

Because of piloting difficulties experienced by squadrons
operating from alrcraft carriers with the low-wing model BT-1
airplane, it was necessary that the stalling characteristics of
the airplane in the carrisr-landing ccndition be materially
improved. The most obJjectionable characteristic was reported
to be a sudden fall-off of the left wing accompanied by rapid
aileron control-feorce reversal termed aileron "kick" at the stall.
Immediate flight tests were conducted at the plant to investigate
the validity of these reports and to determine a means of pessible
improvement. The condition reported was verified by company pilots
and several modificaticns were found which could be incorporated
in service and would considerably improve the stalling character-
igtics: These were the following:

1. An extension of the upper and the lower wing-surface
paint-line intersection around the leading edge of
the wing tc the lower surface, thus avoiding the
formation of a paint ridge on the sxtreme forward
portion of the wing

2. A replacement of inspecticn handhole plates just below
the leading-edge center line of the center wing
gection with new plates having flathead screws for
installation

3, Addition of filler at the intersection of the landing-
gear fairing and the wing surface

4, Removal of carborundum from the first 45 inches of the
walkway

5. Removal of the outside-air-temperature indicater from
the pitot-static head on the left wing to a position
having no possible effect on the stalling character-
istics
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6. Installation of a new gooseneck fitting so that the pitot
head was belcow the left wing tip

7. Installation of lower-wing-surface aileron-hinge cut-out
covers

In addition tc the above medificaticns a further possible improve-
ment in stalling characteristics was indicated by the observation
of tufts over the upper wing swface. Closing the chordwise gaps
between flaps and allercn caused a noticeable decrease in the
tendency of the alleron to kick at the stall, reducing somewhat
the assoclated tendency for fall-off to the left, and gave some
improvement in stall warning,

From the period of Merch 29, 1939, to April 21, 1839, further
tests were made on the stalling characteristics of the BT-1 air-
plane with all these changes incorporated. Thege tests were made
on BT-1 airplane, Serial Number 0839, for the primary purpose of
investigating the effects of fixsd wing-tip slots. Although dif-
flculty was expcrienced in cbtaining consistent data from the five
pilots participating in theso teats, it was finally concluded that
fixed wing-tip slots did give Improvements in reducing:

1. The tendency for the undersirable fall-off of the left
wing at the stall

2. The amount of altitude loss and speed increase necessary
to effect recovery from a stall

These improvements were all ccnsidered a direct result of increase
in aileron effectiveness. To cbtain an optimum arrangement, tests
were made of the effects of various modifications in wing-tip slot
gap and spanwigc location. The best arrangement was found to be
incorporation of three geparate spanvise slot sections similar to
those shcwn in figures 17 and 18 for the SBD-1 model and an upper-
surface slot gap cf 1/2 iInch. Tuft cbservations substantiated
somewhat the improvement gaincd by the wing-tip slots by indicating
the progress of the gtall starting from the center section and
spreading outboard to the inner wing slot, which acted as a barrier
for {urther outward progress of the stall toward the tip. In this
manner the severity of the stall was reduced as slot sections were
ingtalled inboard, Structural limitatlions prevented the addition
of more inboard slots, During the flight testing of the various
wing-gslot configurations several interssting secondary effects

were obtained:
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1. The BT-1 slcts gave no apparent reduction in stalling
speed with flaps either up or down.

2. The slots had nc effect on the BT-1 airspeed calibration
with the pitot head located below the left wing tip,
using the original gocseneck fitting.

3, Slots were more effective near the stall with power cff
than with power on.

4. With a three-slct section on each wing tip and with
1/2-inch gap, the slots caused a 3-miles-per-hour
speed reduction from 217 miles per hour at 9500 feet.

During February 1939, tests were made on the XBT-2 mcdel in
the NACA full-scale tunnel. One of the purpcses of these tests
wag to determine the manner in which the wing stalled with flaps
down. Tuft observation in the tumnel indicated that the lef
wing tip stalled approximstely 1°© earlier than the right tip and
that both wing tipe stalled before maximum 1ift was reached, thus
checking BT-1 flight-test results, It was further noted that the
trailing-edge portion of the center section was stalled simultane-
ously with the left wing tip nsar the pitot head. It should be
emphasized that during these tests none of the improvements
obtained during the ET-1 stalliing-characteristics investigation
had yet been incorporated in the mcdel XBT-2.

After completion of the full-scale-wind-tunnel tests and
additional Naval Air Station flights in the scout-overload condi-
tion the XBT-2 was returned to the plant for incorporation of
Trial Board changes. These changes as cubtlined in table IV
included all the major modifications found to improve the stalling
characteristics of the BT-1 airplane. Table IV ccntains a flight-
test sumary of all stalling characteristics of the XBT-2 airplane
and detailed pilot's corments on varicus meodifications. Before
additional changes other than those required by thes Trial Board
were made, a complete investigation of the XBT-2 basic stalling
characteristics vas made. (See table IV, Flights I: 1, 2, 3, 4.)
In order to improve stalling characteristics in the carrier-
approach condition with flaps and gear down, cruising power, by
preventing the characteristic sharp fall-off to the left, a sharp
leading-edge fairing as shown in figure 2a was added to the left-
wirg center section. This change gave no significant improvement.
The effect cf variation in upper slot gap was agaln investigated
and the gap finally increased from 1/2 inch tc 3/4 inch, Again
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the separate effeocts of the tip slote were determined by complete
gealing. From these couperative tests it was concluded that any
improvement due to the slot on stalling characteristics or aile-
ron control at the stall was marginal on the XBT-2 airplane. It
appoared that the slots provided scme improvement in the amount
of aileron contiol just before and right at the stall, but that
tests with the best arrangement did not substantially alter the
amount of stall warning or contribute to the aileron control after
the stall. During this investigation it becams increasingly ap-
parent that improvemeni should be made in the stalling character-
istics of the XBT-2 airplane in the carricr-landing condition
with flaps and gear down and with approximately 40-percent power
(20 in. Hg manifold presswre at 19170 rpm) to avoid the fall-off
to the left with insuificlent warning. It was noted that the
ailleron kick at the stall originally present on the XBT-Z air-
plane was substantially reduced after the incorporation cf Trial
Board changes as was the case with the ET-1. This ireducticn

wag apparently being effected through the reduction of the
aileron-ilap gap.

After the completion of tests in phase I the XBI-2 airplane
was returned tc the Naval Air Station at Anacostia for inspecticn
of Trial Board changes. Dvring this period a considerable number
of landing tests were ccnducted by the shlp experimental unit and
the definite opinion was given that the incorporation of the wing-
tip slots on the XBT-2 airplane had materially improved its han-
dling qualities during carrier apprcaches and arrested landings.

XBT-2 Aileron Control Forces

Initial flight tests on the XBT-2 airplane after the incor-
poration of Trial Board changes indicated that the aileron control
forces were excessive at indicated air speeds above 160 knots, To
correct this condition, the aileron balance tab control horn arm
length was shortened 3/8 inch to increase the talance tad travel
from the former l-to-1 ratic., TFlight tests with this change indi-
cated that the aileron ccntrol forces had been reduced at all
speeds so that forces at high speed were now considered reasonable.
Since the control forces ncar the stall with the revised balance-
tab ratio were quite light, it was considered inadvisable to at-
tempt further aileron-control-force reduction through the use of
balance-tab action giving a ratio of tab-to-alleron travel greater
than 1.2 to 1. A check on the action of the aileron during stalls
indicated that the increased balance-tab action had no adverse
effects,
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Model SBD-1

During the preliminary demonstration of the SBD-1 model,
the subject of wing-tip slcts again came up for investigation
in flight., TUpon the basis of preliminary flight tests conducted
on a BT-1 airplane concerning the effect of wood strips with
half-rounded cross-sectional shape applied to the center-section
wing leading edge, additional tests were made upon the stalling
characteristics of the SBD-1 airplane with a view to substituting
the "stall control" sticks for the wing-tip slots. A consider-
able amount of counflicting opinion with respect to whether sub-
stitution could be made was obtained from the piloting personnel.
For the various positions of the wood strips tried in flight, see
figures 2b tc 2g. In general it was agreced that the "“stall
control" sticks reduced the violence of fall-off to the left
and increased stall warning; whereas the wing-~tip slots increased
the aileron effectiveness and recovery after a stall took place,
It was ceonsidered that the half-round wood strips had not partic-
ularly improved the sudden fall-off to the leit in the carrier-
apprcach conditicn, It was finally decided that before any sub-
gtantial imprcvement would be gained from this modification the
tip stall on the left wing would have to be corrected., This con-
clusicn was based on tuft ohservation which indicated that by
neans of proper placement of the half-round strips a root stall
cculd be delayed entirely until after complete tip stall on both
wing tips had taken place. Minor mcdifications of remcving the
wing-attachment fairings, and smocthing of pitot mast fittings,
wing-tip attachments, landing lights, and the forward portion
of the wing had insignificant effects on the tip stalling charac-
teristics, The most effective improvement to the stalling char-
acteristice in the carrier-landing condition was obtained by
completely sealing the upper- -surface aileron-to-wing gap with
medical tape allowing for fuall-deown aileron travel. Tuft obser-
vation indicated thers had been considerable improvement in the
tip stall and the pilot reported definite improvement in aileron
control force with increased effectiveness at low speed. A fur-
ther check by a Navy pilot verified that a major improvement had
been obtained in the carrier-landing conditicn with cruising
power; although the airplane in this condition still fell to
the left in the stall due to the engine-torque effect. The
closest practical apprcach to the complete sealing of the upper
aileron-to-wing gap was made by the addition of an extension
strip to the wing, closing the gap particularly at the extremse
aileron tip. This eoxtension strip can be seen in figures 17
and 18. The absence of variation in gap can be scen with the
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aileron vp. The greater amownt of improvement obtained by the
alleron~to-wing seal was realized with the additicn of this
strip. The efrect of having only the left wing slot open was
compared with that of having both alots closed. An increase in
ailcron control was cobtained, The complete removal of the pitot
head from the left wing had no particular effect in reducing the
left wing-tip stall, This indicated that miximum improvement
nad been obtained with the final modifications made to the goose-
neck 7itting  For the SBD-1 this "itting was refaired from the
original rough lines to the relatively streamline shape shown in
figure 17.

In view of the substantial improvement obtained in the wing-
tip stalling characteristics through the uss of the wing-to-aileron
extension strips because of the pcssibllity of some improvement
thro.gh the use of the "stall control" esticks, and in considera-
tion of the structural complexity of the wing-tip slots; the
advisability of their incorporation in the production SBD-1 air-
plane was referred to the Navy ficr declsion, In answer tc this
request the following comclusive reply was received: "With the
wing-tip slots closed the stall 1s reached with little warning
and is characterized by complete loss of aileron contrecl and. very
sharp roll and pitch from which reccvery begins in a steep dive,
With slots open considerable warning is gilven as the stall is
approached and aileron control does notv entirely disappear unless
the stalling control 1s forced, The recovery 1is far less severe
and much shallower; though Iimprovement of this phase is less
marked in landing condition than in the clean condition." Later
tests conducted during. ths NACA investigation cf the SRD-1 flying
qualities indicated that clesing the wing-tip slots had no signifi-
cant effects on stalling characteristics or aileron-control char-
acteristics with one exception: When the airplane was sideslipped
at low spesds near the stall, the allercn-control force reversed
at a fairly low angle of yaw, thus indicating qualitative rolling
instability with {ree ccntrol in this condition., In some cases
the airplane tended to spin out of the sideslip, a conditicn
caused by incipient etalling on the lelt wing which was prevented
when the slots were opened. This functlion was considered important
enough to Justify the use of the wing-tip slots, giving marginal
positive rolling stability in the carrier-approach condition.
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ISCUSSION - SECTION IT

LATERAL-DIRECTIONAL STABILITY AND CONTROL
(Reference table V)

After the completion of Service Acceptance Trials on the
model XBT-2 in Ncvember 1938, the lateral-directional stability
and control characteristics were accepted with the provision
that Trial Board changes include modification of the aileron-
control system for reduction in control Fforces at high speed and
an obJectionable kick at the stall., Additional recommendaticns
for imprevemsnt came aiter removal cf the airplane from the full-
gcale tumnel at Langley Field and as a result of tests made in
a scout-overload condition with a gross weight of 7407 pounds
and balance of 28.7 percent mean aercdynamic chord. In this
configuration, the Navy found that the lzteral stability was
neutral at low speeds in the landing condition with free con-
trols, or that the application of rudder would not raise a wing
dropped approximately 15°, It was recommended that the lateral
stability in production models of the XBT-2 be improved so that
high rudder would pick up a 15° low wing at 75 knots with free
alleron controls,

Flight tests were made in phase I after the incerporation
of all Trial Board changes to check the ability of the pilot to
pick up a wing dropped over 15°, The comments from these tests
appear on table IV and 40 not indicate the difficulty reported
by Navy tests. With flaps and gear down, free aileron control,
with pewer idling or at 20 inches of mercury at 19970 rpm (43.5
percent rated power at sea level) no difficulty in raising the
low wing with the rvdder was repcrted at any time down to an
indicated speed of 60 knots. In view of the fact that, upon
return of the airplane to the Naval Air Station for inspection
cf recommended changes, the Navy again reccmmended an increase
in lateral stability for the landing condition, the above flight-
test comments can be interpreted cnly as a result of differences
in testing technique with respect to carrier approaches or a
lack of clear understanding of the tasic problem. Additional
tests in the overload-gscout condition by the Flight Test Section
at Anacostia Jurnished a basis for the following recommendation:
Provide positive lateral stability at from 5 tc 10 miles per
hovr above the gtalling speed in the carrier-landing condition. ’
The flight tests of subszquent phases were concerned with
obtaining this desired increase in stability by modificationa
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In vertical surfaces, allerons, and dihedial angle. Changes made
in the fin and rudler areas, location of rudder hinge line, aero-
dynamic balance nose shape, tail cone, and rudder-trim-tab size
are described in detail in figures 4a to 4v., Vertical surface
area changes can be more accurately compared gqualitatively by
rererence to the superimposed line diagrams of figure 5, and
guantitatively by reference to table I, Changes in aileron crogss-
sectional shape and hinge-lins location are given in figures 6a to
6Jj. Changes in aileron plan form and in the location of the trim
tab are shown in figure 7. Quantitative changes in areas, aero-
dynamic balance, and design ratios are listed in table IT,

In an effort to investigzate systemmatically the qualitative
lateral-directional characteristics of the XBI-2 airplane, four
basic tests were devised for the conditions flaps and gear
retracted, pcwer idling; and flaps and gear fully extended for
a carrier landing with apprciimately 40 mercent rated power. All
tests were made from a steady condition of sideslip with 15° of
bank and with the elevator trimmed. Twec cases, tests 1 and 3,
involved raising the down wing with the use of rudder alone, first
with the ailerons held in the position for steady slip, and then
with controls free, The other two cascs, tests 2 and 4, involved
the observation of resulting metion, first after the ailerons
wvere suddenly retiurned to neutral, and second when the ailerons
were ccontrol free; the ruvdder remaining fixed in the position
for stesady sideslip In beth cases. The first step in this inves-
tigation was the determination cof the characteristics of the
XBT-2 in the original condition returned to the tactcry by
performing the four tests described above at indicated airspeeds
of 120, 100, and 8C xnots with ilaps and gear up; 85, 75, and 65
knots with flaps and gear extended. The deotailed results of
these tests, given in table V, Flight II:1, indicate agreecment
with Navy tests, since 1t was impossible to raise a low wing by
the vse of the rudder at an indicated speed of 85 knots or less
with flaps and gear extended, ailerons fixed or free.

The first change made 1n the alrplane to improve this con-
dition was a change in dihedral angle of the outer wing panels
by 1©, obtained through the use of shims at the attachments,

The results of tests on this modification indicated a slight
improvement in lateral stability for allerons fixed, but a neg-
ligible effect with controls Iree, flaps and gear down. With an
additional degree making a total change in dihedral angle of 2O,
there was a definite improvement at the lower airspeseds, but
recovery was stlll not possible at 65 knots where full rudder
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was required to maintain the steady sideslip with 15° angle of .
beank, flaps and gear extended. In this condition both the aile-

ron and the rudder-control forcea were reversed., Alleron over-

balance was first noted at 82 knots; whersas no mentlon was made

of this characteristic with the original value of dihedral angle

at speeds down to €5 knots., It can be assumed here that the in-

crease of 2° resulted in:

1. An increased tendency for the ailerons to overbalance
in a constant sideslip with 15° angle of bank

2. An increass in the amcunt of rudder angle to hcld constant
angle cf bank at the lower airspeeds

It can be concluded that the increased dihedral resulted in improved
low-gpeed lateral-stabillty characteristics but disturbed the de-
gircd adjustment tetween ailseron and rudder control forces and
effectiveness in maintaining a constant sideslip with 15© angle

of bank, Upon this basis it appeared desirable to consider modi-
fications to the vertical surfaces and ailerons.

Several combinaticne of temporary fin and rudder extensions .
were tried. The first of these is shown in figure 4b. With the
large fin and rudder extensions in combination with the 1° increase
in dikedral, ailercn and rudder rveversal tock place at 75 knots.

At 65 knets it was impossible to maintain morc than a 7°© bank with
tiwe new rudder full over, flaps and gear extended, with 40 perccnt
power, Inability to maintain a 15° bank with full rudder indicated
an excessive amount of directional stability; thereiore the smaller
fin extension with the large rudder was tested in combination with
the 2° increase in dihedral. Although it was possible with this
arrangement to hold a 15° bank with the rudder at 65 knots, both
the aileron and rudder control forces werc reversed. The rudder
reversal was particularly objectionable, 1In an attempt to lower
the speed at which alleron overbalance took place, the balancing-
tab acticn was removed., This change resulted in an improvement,
lowering the speed for overtalance in the landing condition from
82 knots to 75 knots without significant changes in recovery
characteristics. - A further change in reducing the lower-surface
aileron-to-wing gap to 1/4 inch gave a slight improvement. TFur-
ther changes in rudder-balance area above the upper hinge bracket
(fig. 4d) and increass in the width of the fin trailing edge gave
no noticeable improvements. The results obtained with the small
fin extension and the large rudder formed the basis for the fab-
rication ol a new set of vertical surfaces (fig. 4e). The bzlance
nose shape of the rudder was changed from blunt to elliptical
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(fig. 3c), and provisions were made for the attachment of the

tall cone to the fuselage or the rudder. The ailerons were recon-
structed with a constant-balance chord and a minimum lower-surface gap
(figs. 6c and 7). The aileron nose shape was made more blunt

{¥ig, 3f). Provisions were alsoc made for the ad Justment of hinge-
lins locaticn con both the ailerons and the rudder,

During the flights of phase III the separate effects of
hinge-line leocation, tail cone movable cr fixed, and rudder
balancing tab were investigated, With the change in rudder
nose shape and with the original hinge-line position (Flight III:l),
the rudder control forces wsre considered heavy in spite of the
change in aercdynamic balance from Br = 0,148 to 0,183 resulting
from the tail cone being fixed to the fuselage. The combination,
however, reduced the undesirable tendency for overbalance., After
ad justment of the control forces on rudder and ailerons through
movement of the hinge lines, & compleve set of tests was made for
lateral-gtability characteristics. Results indicated that, al-
though reversals in force were not as sericus as bsfore, further
modificaticns were necessary. The ailerons reversed at 72 knots
in a left slip and 75 knots in a right slip, the rudder at 75
knots and 85 knots, respsctively, The next change was to connect

o the tail cone to the rudder and restrict the travel from *30° to
+25°, At the same time the alleron differential was revised to
give 10 percent less allercn travel. Since these changes did not

. provide the desired major improvement, subsequent modifications
were made. The hinge line of the rudder was returned to the
original position and a dbalancing-tab moticn was incorporated
with resulting slight effect on control forces, The tail cone
wag attached to the fuselage with the interesting results that
no apparent loss in rudder effectiveness was obtained, and that
the rudder forces were lighter with less tendency for severe
reversal, Spin tests were conducted to demonstrate the adequacy
of the rudder control without the contribution tc rudder area
provided by the tail cone, with the result that recovery could
be effected either to the left or the right within one-gqnarter
turn, flaps and gear in both extended and retracted positlons,
The additicn of a balancing tab to the ailerons with original
travel reduced the control forces tc a desirable magnitude in
the low-speed range, but 4id not alffect phe high-speed reglon.
The balancing tab was removed from the ailerons and the hinge
line was moved back to lighten the high-speed forces. Further
force reduction was cbtained by a change in the control system,

¢ reducing the total aileron travel by 25 percent. Alleron

reversal, however, still occurred at approximately the same

<
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speeds. Increasing the gap between ailerons and wing had no
effect on this reversal, but did reduce the control forces; al-
though such a reduction may well have been due to a further 7-
percent decreace in total aileron travel.

Upon the basis of relative comparison with the character-
istics of the original airplane, it was decided that some definite
improvement in the lateral-directional-stability characteristics
had been accomplished by the changes resulting in the vertical-
surface and aileron configurations shown in figures 4e and 64,
and that the airplane should be flown by a Navy pilot for comments
on these improvements. In accordance with this request, a Navy
pilot checked the characteristics of the airplane and reported
insufficient improvement, giving the recommendaticn that the pos-
sibilities of frrther improvements be investigated, with particu-
lar respect to the aileron and rudder reversal in control forces,
In order to investigate the poseibilities of improvement in rud-
der control force by a reduction in chord, a flight was made with-
out the trim tadb. Since indications were that a modificaticn of
this nature would be very desirable, arrangements were maGe to
construct a new rudder with reduced chord. In the case of the
ailerons no modification yet made had effected substantial im-
provement in the undesirable contrcl reversal or kick obtained
in a steady sideslip. Although changes had been made in the
hinge-line location, control-surface travel, cross-sectional
shape, and plan form; there yet remained one possible solution,
which involved the addition of ferces within the control system
that would give the desired ferce characteristics, With this
in mind, a spring-loaded plunger was added to the control system,
providing a ferce in the direction tending to return or center
the ailerons to neutral setting at all times. Flight tests with
this device installed indicated a substantial improvement. This
result has been verified by later tests wherein it was attempted
to eliminate the centering device because of complication in the
alleron control systemn.

For phase IV, a new rudder and a pair of ailercns were con-
structed having the same aercdynamic-balance nose shapes as
formerly, but with chord reduction. In the case of the aillerons,

the chord was reduced by a constant l% inches so that the trailing

edge formed a continuation of that for the landing and dive flaps
(figs. 6e and 7). The rudder chord was reduced abcut 8 inches at
the tip (figs. 4¢h and 5). The adjustable-hinge-bracket feature

of both the surfaces was maintained, and the tail cone was so con-
structed that it could be mede part of the rudder or the fuselage.
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. The spring-centering device formed an integral part of the
aileron-control system, and the aileron total travel was kept at
27°, TFlight tests with the reduced chord surfaces indicated a
very definite improvement in the lateral-directional character-
igtics, The original blunt aercdynamic-balance nose shape was
tested on the rudder and found to be one reason for the diffi-
culties with control-force reversal. The effect of the movable
tail cone as part of the rudder was again investigated. Rudder
action was considered superior with the cone rigidly attached
tc the fuselage, since there was less tendency for overbalance
and buffeting and very little, if any, losa in effectiveness.
Spin tests were again made on the airplane with the tail cone
attached to the fuselage, with the results substantially checking
those previously obtained. Other minor changes included the
smoothing up of the leeding edge of the ruvdder by countersinking
balance-weight attaching screws and coverlng the surface with
fabric, and the covering over of a portion of the rudder-hinge
cut-oute. The final vertical surface arrangement for this phase
is shown in figure 4n, with rudder travel £30°, hinge line at

5%% feet aft the leading edge at station 40, tail cone fixed to

” the fuselage, minimum gap between rudder and fin, and without
balancirg-tab action. In the case of the alleron, the travel

1s 179 up, 10° down, the hinge line is located s%: aft the leading

edge, and the aileron-to-wing gap is a minimum of 1/4 inch, and
no balancing-tab action is used. (See fig. 6f.) A summary of
the lateral stability and control characteristics of the XBT-2
airplane at the concilusion of phase IV as interpreted by company
flight-testing personnel, is as follows:

1. The lateral stability is considered satisfactory.

2. Recovery by use of rudder alone from a steady sideslip
with 15° of bank in the landing condition is possible
down to en indicated airspeed cf 60 knots. Recovery
is positive to a lesser degree with the right wing
low, probably because of reduced rudder power when
held to the left.

3. Rudder control forces and effectiveneas are considered
satisfactory throughout the required speed range;
although a reversal 1s possible with full left rud-

¢ der at indicated speeds below 70 knots with power
on,
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4, The aileron control forces are considered satisfactory
throughout the required flight range. It is possible
that the forces may be considered somewhat light below
airepeeds of 65 knois,.

5. With the reduction in chord and travel, the ailerons pro-
duce adequate rolling moments within 5 knots of the
stall. Although 1t is possible to overbalance the
ailerons in a steady sideslip with angle of bank 15°
at indicated airspeeds below 68 knots, this charac-
teristic is considered not extremely objectionable,

In the configuration described above, the XBT-2 airplane was
taken to the Naval Air Station at Anacostia for acceptance. Upon
the basis of Navy tests the lateral stability was considered sat-
igfactory; however, directional stability was considered marginal
in the carrier-landing ccndition with flaps and gear extended and
with cruising powsr. It was obgerved that in this condition the
increased dihedral angle caused more roll than is desired for a
given amount of yaw, and that the rudder-control force had an
undegirable tendency to reverse near full-surface throw, It was
desired that positive directional stability and trim be provided
in the carrier-landing condition down to 65 knots, with rudder
free, The flight tests of phase V were concerned with satisfying
this requirement by a successive sgeries of modifications in
vertical-surface plan form and rvdder trim tab, without Jeopard-
izing the progress already made in obtaining satisfactory lateral
stability,

The test used to campare the directional stability in the
carrier-landing condition obtained by the various modifications
was to find the minimum indicated airspeed for recovery from a
directional oscillation started by a 10° displacement of the rud-
der immediately followed by pedal release, with lateral and
longitudinal trim maintained by use of the stick. For the con-
figuration at the beginning of phase V this speed was 85 knots;
whereas the desired value was 65 knots. DProgressive increase 1n
fin area gave the expected reductions in minimum speed for direc-
tional stability in the carrier-landing condition: an increase
of 0.8 square foot added by the small fin extension of figure 4p
reduced the speed to 72 knots indicated; whereas a further increase
of 0.9 sguare foot added by the large fin extension of figure 4q
brovght the speed to 68 knots indicated, Although the directional-
stability requirements could be met easily by increasing the slize
of the fin, the additional requirement that the rudder overbalance
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be eliminated was more difficult since the tendency for reversal
increased with the fin extensions. In the case of the combined
large fin and trim-teb extension of figure 4r, a prohibitive rud-
der reversal offset the advantage of fulfilling the directional
requiremont down to an irdicated speed of 65 knots., This isolated
effect of trim-tadb extension only on the rudder reversal indicated
the critical natwre of the flow abcut the base of the rudder and
led to the use of the "dorsal" fin, combined with the small fin
extension of figure 4s. With the trailing edge of the rudder
rewerked to accommodate the larger trim tab (fig. 4t), a satisfac-
tory vertical surface was finally obtained; although it was desired
that the tab effectiveness be increased for directional trim in the
landing condition.,

On the prodvction SBD-1 model the span of the rudder trim tadb
was increased and the aerodynamic balance ncse shape was slightly
revised (figs. 4v andi 3c). The area of the fixed tail ccne was
increased and the doresal fin lines were refaired from those used
on the temporary modification of figure 4t with a resulting decrease
in area from 4.0 squere feet to 3.4 square feet. The aileron con-
figuration of .the EBD-1 was similar to that of the final XBT-2,
except that the nose shape was made more blunt (fig. 3f). During
tests on the first two models of the SED-1, numbers 1596 and 1597,
~various modifications were added to the allerons as discussed
under the sectlon on stalling characteristics, The final aileron-

- wing configuration had the exteunsion strips added as shown in

figures 6J and 17, Figures 1, 12, and 20 give a comparison of
the criginal SBT-2 and final SBD-1 empennages.,

DISCUSSION - SECTION III

LONGITUDINAL STABILITY AND CONTRQL
(Reference table VI)

The longitudinal-stability and contrecl characteristlics of
the Br-1 and the XBT-2 airplanes were considered satisfactory
in the normal scout loadirng with 180 gallons of fuel. In the
case of the XBT-2 loaded to represent the scout condition with
210 gallons of fuel, however, the increase in gross weight and
rearward movement of the center of gravity, in combination with
a general fecling on the part of the Navy that stability require-
ments should be more rigid than previously fcr shipboard alrcraft,
made 1t necessary that some improvement be obtained. The effect
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of the increased fuel and other equipment was a 430-pound 1lncrease
in gross wsight and a movement of the center of gravity from 26.6
percent mean aerodynamic chord to 28.7 percent mean aerodynamic
chord, a change of 2,1 percent. Navy comments concerning the
lengitudinal stebility characteristics with the scout-overload
condition were as follows:

1. With free control and at high speeds, the dynamic longi-
tudinal stability is barely positive, and oscillations
ars exceedingly slow in cdamvning.

2. In ths landing condition with elevator free the airplane
ig longitudinally unstable at low speeds, and there

i@ no recovery from an applied dlving or stalling
moment,

3, The controllability is generally similar to that for
the BT-1 and XPET-2 with normal scout loading, with
the possible exception that the small stick mecvement
neceasary toc produce a stall seems further reduced:

For any future producticn BT-2 airnlanes, it wag definitely recom-
mended by the Bureau that the longitudinal "stability for the high-
speed and landing conditions be improved, and that the stick move-
ment required to effect a stall be increased. These recommenda-
tions were not included in the Trial Board changes affecting the
XBT-2; therefore no attempt was made during the flight tests of
phase I to obtain the effects of medifications leading to improve-
ment, this phase being primarily concerned with the stalling char-
acteristica of the airplane. Flight I:2 was made, however, to
obtain a check on the longitudinal characteristics of the airplane
in the overload-scout condition with the center of gravity located
at 27,7 percent mean aerodynamic chord, 1 percent farther forward
than during the Navy tests. This change was due to a proposed
installation of an additional ,50-caliver fixed gun. The results
of this test indicated that static longitudinal instability existed
in the landing condition below 80 knots, Flight tests made by the
Navy at Anaccstia with the alrplane in this same condition indi-
cated that the longitudinal stability was marginally acceptable

at indicated airspeeds 5 to 1" miles per hour above the stall,

and that the elevator movement to produce a stall with the flaps
and gear extended was still too small. TFrom this result, it was
apparent that a more detailed investigation intoc possible methods
for improvement was necessary. This investigation was started in
conjunction with the lateral-directional stabiiity and control
tests of phase II.
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A summary of the flight tests made on the longltudinal-
stability and control characteristice of the XBT-2 is given in
table VI, The detailed nature of changes made in horizontal sur-
face plan form and elevator aercd,namic-balance nose shape 1s
shown in figures 34, 8a to 81, and 9. Quantitative data on areas
and design ratios are presented in table IIT., It should be pointed
out that the longltudinal-stablility tests outlined in table VI were
made at several different center-of-gravity locations substantially
corresponding to thes following loading conditions: 1000-pound and
500-pound class bombers, normal scout with 180 gallons of fuel,
overloed scout witl 210 gallons of fuel, and extreme noseheavy
and tailhesavy loadings.

In order to determine speciiically the longitudinal-stability
and control characteristics, quantitative measurements were taken
of stick force against indicated airspeed for three basic condi-
tions: level tlight with flaps end gear retracted, level flight
with flaps and gear oxtenied, arnd gliding flight with flaps and
gear extended. TFor the first case, the airplane was trimmed at
an indicated airspeed of 180 knots at approximately 6000 feet
altitude, With conotant trim-tab setting stick forces and eleva-
tor positions were recorded by an observer at several speeds
between trim and the stall while the pilot maintained level flight
by reduction in power and/or revolutions psr minute. A similar
procedure was followed for the second case with trim speed at
110 knots. TFor the power-off glide with flaps and gear down the
indicated trim speed was 120 knots at approximately 12,000 feet,
Thronghout these tests, some varlations in trim airspeed were
obtained, thus somewhat affecting accurate comparisons between
modificaticns.

By use of this procedure, the effect of the elevator balancing
tab was first obtained. The changes in slevator control force and
angle to irim for various airspeeds are shown in figure 10, A
comparison of the curves indicates that the balancing tab had little
e’fect on the control 7orces or elevator angle in level flight, but
did affect those in the glide with flaps and gear down. For this
same case, the stability was considerably reduced as indicated by
a comparison of the curves of elevator angle to trim versus alr-
speed. Another significant pcint is that the elimination of the
balancing tab changed the characteristic shape of the control
ferce versus airspeed curve for flaps and gear down, power off,

8o that the forces did not decrease near the stall. The next tests
were made to determine the e’fect of a 2-percent forward movement
of the center of gravity with the balancing tab still disconnected.
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The data obtained and compared in figure 11 indicate that no
gubgtantial improvement could be realized by such a change, par-
ticularly in level flight with “laps and gear down. The character-
igtice with the extreme noseheavy loading were obtained with the
ceriter of gravity at 21.2 percent. The control forces with this
center-of-gravity position were considered heavy in comparison
with those at 27.7 percent. It is interesting to note the con-
sistent variation of control force and elevator angle with air-
speed for the various center-of-gravity locations, particularly
with the flaps and gear up in level flight. Upon the basis that
no significant improvements had yet been obtained, it was decided
to increase tempcrarily the horizontal surface span by two feet
(fig. 8b), giving an increase in aspect ratio from 3,72 to 4.30.
This modification gave a sufficient improvement (fig. 12) to
Justify the construction of a new set of horizontal surfaces

with increased span, also incorporating a change in elevator
balance nose shape from blunt to elliptical (figs. 3d and 8c).
Provisions were also made For the adjustment of hinge-line loca-
tion so that the most desirable location could be determined
experimentally, Upon the basis that previous tests (Flight II:16)
indicated a minimum of 25° up elevator required for landing in
the noseheavy condition, the travel of the new elevator was ad-
Justed to 25%0 up, 25° down.

Flight tests in phase III were concerned with tests on this
new horizontal surface, as well as with the effects of modifica-
tions to the ailerons and vertical gurfaceg previously described.
Because of the heavy elevator-control forces obtained with the
first hinge-line location, the hinge line was moved progressively
back from 4 inches tc 4L inches from the elevator leading edge.

The comparison between the blunt and elliptical aerodynamic-
balance noge shapes 1s given in figure 13. The only significant
changes in the shape of the curvss are for the cases flaps and
gear extended, level rlight or glide.

Considering the increased value of aerodynamic balance with
the elliptical ncse, these changes indicate that the reduction
of control forces near the stall with flaps and gear down could
be caused by the blunt elevator balance nose shape (fig. 3d).
The sffect of increasing the mechanical advantage of the stick-
to-elevator travel by 19 percent, limiting the elevator throw

from +25° to -229, +20%O, is given in figure 14. It can be seen

that the magnitude of the control forces was considerably reduced
at all speeds for all conditions, In the opinion of the flight-
testing persomnel, this reduction gave control forces which were
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desirable and should be obtained in the final arrangement, 1f
possible. It was desired to obtain the characteristics of this
improved configuration during pull-outs from dives before making
any final conclusion. Preliminsry dives indicated that more up-
tadb travel chould be provided for trim and that elevator-control
forces at high speed were greater than desired. To provide such

a reduction, a special balancing-tadb action was installed on the
elevator so that no belancing effect was obtained at full elevator
throw. Since, seemingly, the longitudinal stability was not
materially affected by this change, dives were made with dive

flaps cpen and closed. The pull-out forces were favorable and

the airplane was submitted to a Navy pilot representative for
checiz, Although the characteristics in a pull-out were acceptable,
the longitudinal stability was congidered unsatisfactory because
of insufficient stick motlon required to effect a stall and 1lnsuf-
ficient control force during the stall approach in the carrier-
landing condition. Considsring the offect of the balancing tab on
longitudinal stability at the beginning of these tests for the case
of a glide with flaps and gear extended, it is reasonable to assume
that some sdverse effect satill existed with the arrangement Just
described; even though the tab did not move after the elevator

had reached a travel of 20°.

To obtain the desired elevator-control-force magnitude and
to provide sufficient surface movement near the stall in the landing
condition, 1t was evident that the elevator chord would have to be
reduced., This meant that the elevator travel would have to be
increased to provide trim with forward center-of-gravity locatilon.
Flight tests of phase IV were made with a new horizontal surface
having the elevator chord reduced approximately 7 inches at the
inboard end (figs. 8e and 9). The shape of the elevator aerodynamic
balance nose was not changed. Provisions were again made for adjust-
able elevator hinge line and the elevator travel was increased to
-30°, + 25°, Longitudinal-stability characteristics were obtained
for this new arrangement with the overload-scout loading and center-
of-gravity position of 28.1 percent mean aerodynamic chord. The
effect of the elevator-chord reduction is shown in figures 15 and
16, The magnitude of ths control forces compares favorably with
that of the former surface with increased mechanical advantage
(f1g. 14). For the gliding condition with flaps and gear down,
the control forces do not exhibit the original tendency to decrease
below an indicated airspeed of 80 knots, and the elevator angle to
trim over a speed range of from 113 knots to 70 knots was increased
50 percent compared to the original configuration of Flight II:l,
Pecause of the differences in trim speed for the case of gliding
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flight, flaps and gear down, it is difficult to obtain any sig-
nificant comparison from figure 15, with the possible exception
that the elevator angle for trim seems to increase more rapidly
near the stall for the reduced-chord case. There is no apparent
explanation for the wide variation in control forces near the
stall for the case of level flight with flaps and gear extended,
with and without reduced chord.

Preliminary dives indicated the need for addltional aero-
dynamic balance to reduce control furces at high speed. The
elevator nose shape was accordingly changed from elllptical to
radial as shown in filgures 34 and 8f to provide more aerodynamic
~ balancing for small elevator movement. Since this change did
not provide sufficient improvement, the hinge line was moved
back 3/8 inch, or 3/4 inch from the starting position. This
change gave satisfactory characteristics in pull-out, and the
elevator effectiveness for landing with forward center of gravity
wag checked. Since more than enough elevator control was aveil-
able with the maximum throw, -30°, the travel was again reduced
to -259 and the effect of a 1l-inch gap between elevator and
stabilizer was obtained. This chanze gave a "flat spot” in the
elevator control which was not considered satisfactory for con-
trol in dives where small positive displacements are needed.
With the elevator moved forward again, the horizontal surface
was considered satisfactory, and the longltudinal gtability con-
gideratly improved. A summary of the longitudinal-stability and
control characteristics of the XBT.-2 at the conclusion of phase
IV, as interpreted by company testing personnel, is as follows:

1. The characteristice have been improved to an acceptable
degree by the changes incorporated.

2. The elevator control is very effective throughout the
required speed range, and the limited up travel is
more than adequate to effect a three-point landing
with the maximum forward center-of-gravity location
of 22.1 percent mean aerodynamic chord.

3., The elevator-control forces are considered satisfactory
at all speeds above 90 knots indicated, and elevator
control during dives 1s considered excellent in view
of the positive control for small movements,
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4. Characteristics previously reported undesirable have
been improved; although there is still a gradual
decrease in elevator-control force at indicated alr-
gpeeis below 90 knots in level flight with fliaps and
geer down. For the case with power 1idling, however,
the variation of cecntrol force with airspeed has bsen
congiderably Improved, and the amount of stick travel
required in a stall approach has been substantially
increased.

5. The existence cf a positive degres of static longitudinal
gtobility is established at airspeeds above the stall
vith flape and gear retracted or extended, since a
constantly increasing up-elevator angle 1s required
for trim as the stall 1s approached.

After delivery of the XBT-2 to the Naval Alr Station at
Anacostia, additional tests were made on the airplane by Navy
personnel prior to the dirsctional-stebility tests of phase V
at the 210-gallon sccout loading with a gross weight of 73350 pounds
and a center-of-gravity locatlon of 29,3 psrcent mean aerodynamic
chord. The Navy comments from this test were that, although posi-
tive longitudinal stability had been provided in the overload-scout
condition, the control-column mcvement to effect a stall apprcach
in the landing condition was atill srall and was accompanied by
light elevator-control forces, It should be pointed out that these
tests were made at a center-of-gravity location 1.5 percent mean
aerodynamic chord farther aft than that used during the tests of
phase IV. Realizing the critical effect of the balance on the
desired longitudinal-stability characteristics, the engine of
the production mcdel SBD-1 was moved 5 inches forward to keep
the center-of-gravity location at 27.5 percent mean serodynamic
chord in the 210-gallon scout condition, when referred to the
XBT-2 mean aerodynamic chord of 97.5 inches. Actually, the in-
creese in wing area effected by a betiter faliring over the retracted
landing-gear wheel (fig. 1) for the SED-1 changed the mean-
aerodynamic-chord length to 100 inches, giving an equivalent
center-of-gravity location of 28.6 percent mean aerodynamic chord
for this same loading.

The horizountal surface configuration finally used in produc-
tion on the SBED-1 model incorporated all the modifications from
previous flight tests found to improve the longitudinal-stability
characteristics., Minor differences were that the eserodynamic-
balence nose shape of the elevator was changed from radial to a
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modified ellipse used successfully on other Douglas designs, the
cut-out at the base of the elevator was replaced with fixed
gstabilizer area, and the trim tab was slightly revised at the out-
board and inboard ends (see figs. 3d, 8i, and 9). The maximum
elevator travel was increased to -30°, + 20°, During the prelim-
inary demonstration of the model SBD-1, the hinge-line position

of the elevator was again adjusted (see table VI, phase VI),
Further adjustment wae required on the basis that the pull-out
forces from a dive had increased over those for the XBT-2, With
the hinge line moved back 5 inches from the elevator leading edge,
although the force characteristics in a pull-out were satisfactory,
there was an undesirable tendency for the control force to reverse
at low speeds in the landing condition near the stall.

An intermediate location of 4%% inches, 1/16 inch aft of the

final location on the XBT-2 (Flight IV:18), was finally used upon
the basis that it would be more satisfactory to favor improvement
of the stalling characteristics in the carrier-approach condition
than to reduce the dive pull-out forceg. With this location the
stick force necessary to pull out of a dive with an acceleration
of 7.5g was approximately 40 pounds with the dive flaps open and
with the 1000-pound bomber loading., The only remaining change
vhich was made on the SBD-1 was to increase the nose-up trim-tab
travel 6© in order to provide additional trimming power for power
off, flaps and gear down. For a comparison of the original and
final empennages, see figures 1, 19, and 20.

The longitudinal-stability and control characteristics for
the various basic configurations throughout the various test
phases are compared in figure 16, It can be seen that the magni-
tude of the control forces has not varied from the original,
particularly in level flight, flaps and gear up. There is ample
evidence that the control forces with flaps and gear down, power
off, increase up to the stall with initial trim speeds as low as
90 knots indicated. Unfortunately, no data are available on the
variation of control force with airspeed for the final SBD-1 con-
figuration in level flight with flaps and gear down. It 1is prob-
able, however, that the forces decrease below 90 knots in the
manner illustrated by Flight IV:3, figure 16.

In view of the extensive experimental flight testing accom-
plished to improve the longitudinal-stability and control char-
acteristics of the production SBD-1 model, it is of considerable
interest to note the results of recent overload tests made at
Anacostia on the model SBD-3 airpiane, which does not differ
aerodynamically from the previous models:




The stability and control characteristics of the subject
model were investigated at gross weights up to 10,330
pounds and center-of-gravity locations aft to 33,1 per-
cent mean aerodynamic chord. At a gross weight of 9200
pounds with the center of gravity at 33.1 percent mean
aerodynamic chord the longltudinal stability was found
tc be very close to neutral, varying from slight insta-
pility in high-pcower climb to definite positive stability,
power off. In level flight the stability was close to the
bordserline but very slightly positive. At a gross weight
of 10,423 pounds with the center of gravity located at
33.2 percent mean aercdynamic chord the longitudinal
stability was slightly improved over the condition above.
Positive stability appeared at crulsing speed in level
flight, and only at high powers did stability become
neutral or siightly negative. The contrcl forces are
very light and reach zero under some conditions. For
this reason, control at high spesds 1s not entirely
satisfactory. It is considered that the airplane is
satisfactory for service vse in the conditions tested
and described hersin, provided high-speed dives and
maneuvers are undertaken only after instruction and
indoctrination in the sirplane and in the effects cf
reduced stability on control characteristics.

DESIGN RECOMMENDATIONS

In reviewing the results cf flight tests rade on the ZBT-2
and SBD-1 airplanes during the several design stages discussed
in this report, it becomes evident that a considerable number of
required control-surface adjustments may take place before desir-
able flying qualities finally can be obtained. If such a possi-
bility is kept in mind during the initial design stages, and
provisions Tor such adjustments are made in the alrplano, a sub-
gtantial time seving can be rezlized in obtaining flight-test
approval of the prototyps design. The following suggestions are
made:

1. The hinge brackets for the rudder, allerons, and elevator
shouléd be so designsd that the hinge lines can be
ad justed through a reascnable range of asrodynamic-
balance values without variation in the gap between
fixed and movable surfaces., Tho method used during
the XBT-2 tests is illustrated in figure 23.
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2. Some satisfactory method should be available for providing
variation in the wing-dihedral setting, either by shims
or replaceable fittings.

3. The horizontal- and vertical-surface plan forms should be
chosen with a taper ratio permitting possible area in-
crease,

4, The forward part of the movable contrcl surfaces should
be so designed that a rework of the aerodynamic-balance
nose shape is possible without requiring a new surface,

5. As far as possible, the main-control-surface hinges
should be advantageously located with respect to the
trim tabs, thus permitting the installation of balance-
tab action if absolutely required.

6. The control systems should be so designed that bell cranks
can be replaced to give full stick, wheel, or pedal
travel with reduced control-surface throw, Considera-
tion should also be given to the possible necesgsity
for including in the elevator- or aileron-control system
an Internal-hings-moment contribution similar to the
spring centering device used on the SBD-1.

Incorporation of the above suggestions will, of course, have
no beneficial effect in the case of a design with fundamental
deficiencies which should have been apparent, either from wind-
tunnel testing or previous design experience. With respect to
recommended practice in the detailed design of control surfaces,
some observations which may be of value can be made from the flight-
test data contained in this report. The superimposed three-views
shown in figure 1 were prepared in order to illustrate in an effec-
tive manner the changes made from the original XBI-2 model, in ar-
riving at the final control-suriace arrangements of the SBD-1.

This comparison in combination with the detailed flight-test re-
sults on the XBT-2 and general-design experience gained on other
Douglas airplanes, permits the following comments:

1., Centrol-surface airfoil section.- The control-surface air-
foll sections used on the SBD-1 airplane are shown in figures 3a
and 3b for the vertical and horizontal surfaces. These airfcils
are basic N-69 secctions modified by e l2-percent chord sxtension
to glve a streight-sided afterbody over the movable-contrel-
surface portion. In the case of the horizontal surface the thick-
ness 1s a constant 10 percent, and for the vertical surface the




»

Py

35

thickness is varled from 10.9 percent to 7.5 percent. In general,
it is considered sdvisable to keep the thickness at a constant
value not less than 10 percent. The airfoil section mest fre-
quently used on other Douglas designs is the NACA 0012 modified
with the lz-percent chord extension in the same manner, giving a
thickness of 10.7 percent. If the chordwise location of the maxi-
mum thickness 1is desired further aft, the 0012-04 section can be
used with the same modification to give the straight-sided after-
body. With this section, & greater control-svriace movement can
be obtained without unporting of the balance noss,

2. Control-surface plan form.- More faveorable results have
been obtalned with control surfaces having chordwlse dimensions
proportional along the span, particularly where the overhang or
nose type of aerodynamic balance is used on the movable surface.
In this manner, where constant thickness is also used, the
amount of balance-nose uvnporting is likewise proportional, A
low taper ratio of the order 0.5 i3 usually advisable, since it
allows a better distribution of area. For the SBD-1 the taper
ratios for the horizontal and vertical surfaces are 0.58 and
0.30, respectively. From the standpoint of pcssible overbalance
due to excessive unporting, it has been fourd advisable to reduce
the aerodynamic balarce at the control-surface tips as shown in.
figures 17, 19, and 20 for the SBD-l1. This reduction also pro-
tects the leading edge of the movable swrface from possible over-
balance due to ice formation cver the unprctected portion.

3. Movable-control-surface chord.~ It 1s of interest to note

from the comparisons given in figure 1 that all movable-control-
surface areas were reduced in going from the original to the final
configuration, This definitely indicates that there exists an
optimum ratio of movable to flxed control-surface area for obtaining
the proper balance between control effectiveness and force. These
valueg for the SBD-1 are 0.428, 0.230, and 0.300 for the rudder,
ailerons, and elevator, using the ratio of movable-control-surface
area aft of the hinge line to the total-surface area effected.

4, Aerodynamic nose balance.- Best results have been obtalned
with this type of aerodynamic balance when proportionality is used.
Hinge cut-outs should be kept to & minimum, and the movable surface
should be cut perpendicular to the hinge line, thus allowing aero-
dynamic balance to be effected element by element spanwise along
the control surface. Cut-outs at the base of the movable surfaces
for operating mechanism should be avolded if possible.
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Comparison of the aerodynamic-balance nose shapes shown in
figure 1 for the elevator and rudder show the change from blunt
to modified elliptical shape. The blunt nose ususlly gives dif-
ficulty because of its adverse hinge-moment characteristics at
large surface tlkrows, resvlting in a tendency for overbalance.
The shapes given in figures 3e and 3b have proven quite satis-
factory for a number of Douglas designs, giving a satisiactory
comyrcmise between logs in control-free stability and reduction
in control-surface hinge moments,

5. Balance tab.- The use of the balance tab with uniform
ratio to the main-control-gsurface travel in combination with the
overhang type of asrodynamic balance, usually should be discouraged.
Although the expected reduction in hinge moment can be obtained,
the accompanying change in free-floating angle of the movable
control surface effects a-considerable reduction in stability.

In cases where no overhang-type aerndynamic balance is used, the
balance tab offers an effective method of hinge-moment reduction.
As indicated in the flight tests on longitudinal stability with
the SED-1 model (table VI, phase VI), difficulty was experienced
in obtaining the desired elevator control forces over the required
apeed range. The use of a balance tab would probably have reduced
the pull-out forces, but would have further aggravated the low- -
speed overbalance,

6. Control-surface gapn.- In general, it can be said that the
gap between the fixed and the movable control surfaces should be
kept to the minimum possible clearance fcr manufacture. From the
XBT-2 tests, where the gap between the elevator and the stabllizer
was increased, a flat spot in the variation of control force with
angle occurred. In the case of the allerons, there was some indi-
cation that the control forces became lighter. From a performance
point of view, the additional drag caused by a, large control-surface
gap is not desirable. The ideal arrangement from all points of
view except manufacture is the pressure-seal type of aerodynamic
balance.

7. Tail cone.- On the XBT-2 it was found inadvisable to have
the tall cone move with the rudder. No essential differences
were obtained with the tail cone fixed to the fuselage or movable
with the rudder concerning ability for spin recovery, and consid-
erable difficulty was found in effectively balancing this portion
when connected to the rudder. With the taill cone attached to the
fuselage, there was less tendency for rudder-force reversal with
essentially the same control effectiveness.
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8. Dorsal fin.- The dorsal fin has bsen effectively applied
to multiengine alrcraft to improve the directional characteristics
after engine failure., Its primary effect is to increase the angle
of yaw at which stalling of the vertical surface occurs, without
substantially affecting the directional stability., In the case of
the XBT-2, the dorsal fin was a major factor contributing to the
elimination of the undssirable rudder-force reversal during direc-
tional oscillaticns or sideslips at low airspeeds (table V, phase V).
The use of the dorsal fin is recommended to improve damping in yaw,
to reduce the rudder angle required for directional trim at high
powers on a single-engine design, and to eliminate possible inter-
ference effects at the intersection of the vertical surface and
the fuselage which may contribute to a premature vertical surface
stall or rudder-force reversal.

Douglas Aircraft Company, Inc.,
El Segundo, California.
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SCOUT OR BOMBER, WITHOUT BOMS,LOADINGS.

FLIGHT LOG CONFIGURRTION
- VERTICAL _SURFRCE 1 RILERON ]
oare |FUT | Pior flaRoxs | g |5, | 5. s, (s, | 8 nost | £, \ocund wuet] ARNI,
NO. |oaserver | weicnr v| Sr| So | S| B LA Lerens | Y7 Sa|%ha |82 | 84 |da o CHANGE STALL WARNING
&~2-39 It E ] 7566 |77 |22.6 |120¢| 2.0 80 }.162 |8 BLUNT | 230 | 4a92aT12|4.12 |.199 |« f -2713] 60,7 ORIGINRL XBT-2 RIRPLANE CHECK AND ERMLIRRIZATION FLIGHT
WITH POLLOWING CHANGES .
FIXED WING TiP SLOTS. FIG.3e.
SERLING STRI® ADDED TO OUT-
BOARD END OF FLAP TO CLOSE
FLAP- RILERON GAP,
GOOSE NECK rrpz MITOT HERD
INGTALLED ON WING. FIG. (7.
LOWER SURFRCE MILERON HINGE|
CUTOUTS SHIELDED.
(@10GARL FORWRRO SECTION OF CARBOR-
", «
0 Y , N AL PAYS SEAOVED o, ;
s-5-39 |1:2| 341 |7566 |22.7 [226 |i308|2.11 [.00 |.162 :,-“ 8uunt |30 [ dageore{ 412 199 [« § le113]607 RILERON BALANCE TAS RATIONN ™ grg s +
* {2106AL) -
6-5-39 |1:3 | 3¢+ | 7566 |227 |22.6 (1304|241 | .80 |.162 |8 7" 8LunT |230 | wugl2072| 402 | .199| a § [2713] 60,7 FdG. UP. IDCEPOWER. Visraus SSKN|  GOOD STALL WARNING.
3 POWER ON 46 KN Z
- ?za"ﬂ, A7 1900 n: AT 5000 ,,)srnu.' [STARTED AT RBOUT 49 KNOTS.
'_:TFTS_DWWWE—RV——F WARN]
] Fo Usrau™ 56 KMl 0TS RBOVE STRLL.
Fup4 G ON. ON. Ve, = S0 KN.| Wi i 3
(sAME As R8O ‘arme ROEQUATE BELOW 54 KNOTS.
G. . [ Wi 3 N, Vi
- X Warmas 49 KN | TS SEFORE FINAL STALL.
g, ON. LA (3 6 KN| NO RILERON WARNING.
inme w5 A ) TR ILE. IRNING.
* (200 GAL) E
6-6-39 I:4 | 841 75 66 [27.7 |22.6 |1204| 211 | .80 |.162 |5 5 | SLUNT [t30 | 4,5|20.72|4.12 |./99 4,! +27,/3 16a,7 - K G UP.  1DLE POWER. Vi grave * 57 KN. FRIR STRLL WRRNING.
£eG. UP. POWER ON. V: §2-53 KN.| LITTLE 37 XCE!
‘{za"ﬂ, AT 1900 RAM nrma‘,’{}"'" JUST BEFORE sr:u.L.
EuP §G.ON. IDLE POWER. Vigra® 57 KN. ‘rg“.
—
" UP ON. ON. W, -353 KN.|_ STHLL WARNING COMNBIDERED
(sn‘nz A5 ABOVE) N Visrau =52-53 KN QUATE BUT NOT PRONOUNCED.
ot
=¢G. ON. 10 RV, N & 7 NEN
Fe LE POWER. Vigra 5355 KNy, P \EEDED FELL WARD TO LEFT.
#4G. DN. POWERON. Vigrai, > 46-97 KN, TNE-
* (210GAL) . (sAME AS ABOVE)
6-6-3% |1:5 1 241 7566 |27.7 |224 |/304| 211 | .80 |.162 5,’[ BLUNT |2 30 | 4a5(2072|4.12 |. 193 4.3-' -27 /3| 6a,7 SHARP LERDING EODGE FRIRING F&#G. UP.  1DLE POWER. Visraw = 55 KN _GO00 WARNING OF IMPENDING
OF ABOUT 18" SPAN RODED AT IsTALL.
. lmoor oF cerr winG. Fi6uRE 2a. .
TP SLOT GAP INCREASED TO
é” FIGURE 3e.
FEG UP.  POWER O [ = HOEQUATE STALL WARNING BECAN
e R o Csrac 49 KN ouT 4 KN BEFORE FINAL STALL.
EuP G.DN 4 WER. - KN, DEQU
¢ DLE PO Vistaw ® 55 KN{o 00T € KN.BEFORE FINARL STALL.
FUP‘G DN. POWER ON. Y; 50 KN|__YERY LITTL K
(sRME RS ABOVE) tormu® ISTALL.
F§ G. ON. |OLE POWER. Ve sraes = 50 KN "gff.u 7 7 07,
E4 G. ON_ POWER ON. [ = 44 KN. i [
* (210 GAL) € CanD s R8OVE) LA BETWEEN 1-2 KN. BEFORE STALL.
6£-7-39 |I:6 | 2¢/ 7566 (227 |226 (/304|211 |.80 162 :,L“T BLUNT (230 | 40 5120.72] #.12 | 199 4§ 27, 13162,7 TIP SLOT GRP INCRERSEDTO %'. REG.uP.  IDLE POWER. Visrm, S 55 KN] ADEQUATE WARNING BELOW 59 KN,
” R 0, 0 KN.| GOOD STALL WARNING BELOW 53 KN
G ar N EE PN spgp erf i
% ur#G.DN. |DLE POWER. Vurm-ss KN|  FAIRSTRLL WRRRING.
f - FUPEG.ON. Powﬂ ON. Visraw * 48 KN, FRIR Wﬂ NN IMPEN DING
(20" Hy. AT 1900-RPM. AT 6000FT) STRLL.
F&G. ON. IDLE POWER. Visra= 49 KN, vﬂr GOOD WRRNING OF IMPENDING
£ E&6.ON. W O Vigrau*45 KA. No STBNT INT WARNING.
(SAME 7S ABOYE)
» (210 GAL) -
6-7-39 [1:7| 341 | 7566 277 |226 |13.04|0ut |.80 [.162 | 2 | scunt | 230 aas|eo72|ase | 199 4f [2113]60,7| miERON 8RLANCE TAB RCTION| RiLERON CONTROK FORCE cHECK.
- |iwcmenseo mouT 20%. . :
LENGTH OF RRM SHORTENED E’ .
TAB RRTIO: [:1.2
® (210 GAL) p
6-8-79 |I:8 ¥ 6690 |aes |26 (1208|211 |.00 [.162 | & | mewnr 230 | 4uslrorz|a.iz | 199 «f L2213 |6a,7| suare cemoin: €066 rairinG
REMOVED. C.G. MOVED FORWARD
6-8-39 |1:9| a1 | 6860 |26.0]228 [i204| 21 |.80 ).162 |5 ﬁ' BLUNT [230 | 4a,5|207214.72 |.199 | & ;,‘ 2743 | 60,7 c a‘Lﬂv?v;Z”D gvu (cLos#0). £RG.UP. 10L& MPWER. Vigral™ 57 KN GOOD WRARNING OF IMPENDING
" K«
Visrmo= 55 KN) aoan WARNING OF IMPENDING
STALL BELOW §9 KNOTS.
Visraw = 52 KN FAIR WARNING.
Visraw® #5 KN  NO WARNING .
0 FT.)
&~-14-39 {1:10 I 6860 6.0 226 |13 21 | .80 |.i6 5 [ ] BLUNT | 230 | 4a,5|20.721 4.2 |.199 | ¢ -27/3 |64, 7 SLOTS OPENED. L STRABILITY. FLAPS
# i 204 z o § RIRPLANE READY FOR DELIVERY.
CHANGE STARLL
5-26- 40 |1t - - - a3 |9.68|204] 12 [ 207|5Z lauprin|230 | avs18.17| 547|302 8§ [mi10|ée7 ] s8D-1 AIRPLANE * 1596
-26 - : ; H 4,5)8.17|547 | 302 | 5 [17/0)69.7 | LEROING £0GE MODIFICATION ADDED. FIGURE 26 STALL
s-26-40|m; M 4 |g284 (204|221 |908f204]02 |.207|5K |nurricHl ta0 | « s)0.77 5 9T | T
10007 (1506AL) —
5-28-40 (O 62| 4810 | @385 |2a.5 (231 |908|204 |12 |.207 3,{ rieread 190 | ays|8.17]6.47 | 302 5§ [/710(6a7 | ¢.£ MOOIFICATION REMOVED. cHECK
1000*(130GAL)
ALL CONDITIONS NOT NOTED RRE EITHER
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CONFIGURATIONS TESTED:

Al
v

BALANCE TIP #3
BALANCE TIP ®2
BALANCE TIP ®\ —-\

VIEW A

ORIGINAL : (FIGURE 6a) WITH TAB ®1,
BALANCE TIP™|, CHORD 24%",
BALANCE CHORD VARIABLE

REBUILT : (FIGURE 6¢) WITH TAB ¥2
T BALANCE TIP™2, CHORD 2342 X

BALANCE cuono CONSTANT

EINAL : (FIGURE Ge) WITH TAB"?"

BALANCE TIP ®3,CHORD 224
BALANCE CHORD CONSTANT

7/
y /‘\ ORIGINAL
7/ TRAILING EDGE

EINAL
TRAILING EDGE

NOTE: FOR NOSE SHAPES SEE
FIGURE 23f,

FIGURE 7: AILERON LINE DIAGRAM
SHOWING AREA CHANGES MADE DURING FLIGHT TESTS
MODEL: XBT-2§ SBD~1
SCALE : Y42 SIZE
DIMENSIONS TAKEN CHORDWISE
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STABILIZER ¥ 3
BALANCE TP ¥3

STABILIZER ¥ 3
BALANCE TIP ¥3

ELEVATOR *3 wiTH 8a5E ™)

183 FIGURE B e :
REDUCED ELEVATOR CHORD , REVISED TAB
TH VARIABLE RATIO USED ON FLIGHTS - [I¥ - (1-8)]
ALIm:(5-20] AERODYNAMIC BALANCE : Be = 0.244
ANCE : Be = 0.243 WITH BALANCE TAB
+20°

3 | hdcl #*
— STABILIZER ¥ 3

STABILIZER ¥#3
BALANCE TP ¥3

BALANCE Tip *¥3

rE

ELEVATOR¥3 wWiTH BASE *2

18 *s ] ) FIGURE 8 _: | I8 %5 ]
URFACE , NO CUT OUT , ELLIPTICAL ELLIPTICAL ELEVATOR BALANCE NOSE SHAPE :
ANCE MNOSE SHAPE : HINGE LINE MOVED AFT Y% TO S
I8 [XX,:(1~-52)] USED ON FLIGHTS : [¥I,: (53-55)]
BALANCE : Be= Q.30! AERODYNAMIC BALANCE : Be= 0.325

STABILIZER ¥ 3

3 STABILIZER * 3
BALANCE TiIP¥3

BALANCE TiP¥3

=

ELEVATOR¥3 WITH BASE ¥ 2

FIGURE 8§ : TAB* 5

TOR BALANCE NOSE SHAPE : FINAL SBD-1 CONFIGURATION ; ELLIPTICAL ELEVATCD

) FORWARD Y TO 4 78 : BALANCE NOSE SHAPE : W MOVED FORWARD Y6 TO 4'Vs
[¥I, : (56-57)] REFERENCE : FIGURE' 20 .

NCE © Be = 0.3i12 USED ON FLIGHTS : [ ¥ (S8-77)] [¥, : (1-9)]

AERODYNAMIC BALANCE : Be = 0.308

Fow-ouv #2
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L}

LINE OF SYEMETRY _
--——7—BASE ®|
- ﬂs& %2
S % -
' =S ——TAB"S :FINAL
el N~
\\O}‘;Iﬁ”a
‘. TAB“1: ORIGINAL
b= 189" . "
ORIGINAL \ ! 1 !
A oricNaL—fp==3 B !
- " [ .‘ o j IA—B.'Z
bae23 . L —— W W | b
FINAL 4 ;| H———TaB%4
R ; [ .
\ a1
\ 11+ ELEVATOR "4 :FINAL
; 5 ‘ ] o
STABILIZER"): & | | WiTHTIP®3, BasE =2
ORIGINAL ‘ E ,L—-ELEVA'I;OR"Z:WITH
' o1 ®
STABILIZER™3: —§ 4 TIP "2, BASE™
FINAL E E r——ELEVATOR (K
ORIGINAL — == i 8
STABILIZER"2: —§ =1 | ORGEA TIPS,
EXTENDED y ' ==
/Y S—ELEVATOR®3: WITH
ii.z‘ . FINAL =5 : TIP3, BASE®
3 N X ;
] \~~ '). // ;
» B
RV =
€/ !
%ué / : STATION 278, FINAL
SALANET 1 MAC :
BALANCE TIP"3 25% MAC AT STATION 37.8
), ,+240.245 r

FIGURE 9: HORIZONTAL. SURFACE LINE
DIAGRAM SHOWING AREA CHANGES

MADE DURING FLIGHT TESTS
MODEL: XBT-2¢ BD-1
SCALE: ;SIZE

FOR AIRFOIL AND BALANCE NOSE SECTIONS, FIGURES 3b 3d.




FIGURE 10: EFFECT OF BALANCE TAB WITH I:| RATIO ON ELEVATOR ANGLE
AND CONTROL FORCE TO TRIM FOR SEVERAL FLIGHT CONDITIONS ON
MODEL XB8T-2

W-8l

0,04 0.8 A
FLIGHT I 2
WEIGHT 728I\ 7281
up CG. 227 277
Be 207 207
NOSE LUNT BLUNT
J ] h o
g GLID : a
BALTAB  YES NO
g N | F&GON. (RATIO 1)
L~ 2
[¥7] '.\ \ ‘
<Q a \\\kﬁ —t—a
x - ‘k‘\ ~a{ |
> LEVE VA TT——a ™ LEVEL FLTGF;“““-
w . —t—
g | F&G.ON. F &G.UP
U'g 50 60 80 100 120 u:to 160 180
Vi - INDICATED AIRSPEED ( KNOTS%
PULL
| 1T —l_
= PN Y LEVEL FLIGHT
n N
e F&G.UP
3 . P 'ﬁ'\% O\\ ye\ G
8’ 4 e N GLIDE A\~
\ ;‘
S \\ | F&6, DN, Q
—_ \
& 2 T CeveL FLiGHT [ NN N
w | FaGON. WA \ N
— O ' 5 a— o
50 60 80 100 120 140 160 180
Vi-INDICATED AIRSPEED (KNOTS)




EIGURE I\ : EFFECT OF CENTER OF GRAVITY MOVEMENT ON ELEVATOR ANGLE
AND CONTROL, FORCE TO TRIM FOR SEVERAL FLIGHT CONDITIONS ON MODEL

w-8/

| Fs - STICK FORCE (LBS.)

XBT-2
\‘f 0,0,6 0.8.A 0.8A
\ FLIGHT I:2 II:3 I:4
WEIGHT  728i 7061 645
\ C.G. 217 257 212
‘\ ‘\ Be -207 207 207
- 6 NN GLIDE NOSE BLUNT BLUNT BLUNT
b oy N\ u[ XFAGDN. " 343 3 8
e A WIN7AN e ~32926° -32926° -32025°
w 4 '\ \ 1(
u N \ N Se 2029 2029 2029
292 AR NNVAN NO BALANCE TAB
(4 A N \.\ {\
'9' 0 I\ ~ S :
« ~ .,,0‘\\_ \\
o LEVEL FUGHT ~. N LEVEL FLIGHT
P e BB
'y PN RN o T AL
@ 50 60 |\ e‘o 100 120 40 160 1
I |
\),,e_ Vi - INDICATED AIRSPEED (KNOTS)
N o o
PAREEN ~
&N\ \L N
-‘~.
\—+—--| o LEVEL FLIGHT
o~ +TNa T+ '\t F¥G. UP
~N ~a,
o AN ~ »
3 s\/ \
§ ( N
:‘{ \\\ \\\/<L‘\ \‘
) NN,
\ ‘\ L NN
6 N—N N\ O\ '\,{ \
o GLIDE
D/?Q\c\ \ T h>—1F % G.DN. \ \\\
4 \\ /\‘ AR N\
}’\\ | \\ RN N\
2 /}\‘\ 5
LEVEL FLIGHT / B \ \\ \
F. &G.DN. / N \ \ 3
“% €0 80 100 120 140 60 180
Vi- INDICATED AIRSPEED (KNOTS)
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FIGURE 12:

EEFECT OF A TWO-FOOT INCREASE IN HORIZONTAL, SURFACE SPAN ON

ELEVATOR ANGLE AND CONTROL FORCE TO TRIM FOR SEVERAL FLIGHT CONDITIONS

ON MODEL XBT- 00s ema
FLIGHT  1:2 19
WEIGHT 7281 7300
C.G. 217 284
Be .207 218
. NOSE  BLUNT BLUNT
. \ W a8 sl
I Se -32325° -32925°
8 AR, 372 a3
w 4 Se 2029 2228
@' Sw 666 733
5 2 FIG'- ' Ba 8b
& LEVEL FLIGHT
%o F.26.UP |
E — \L\
- —
% 2
[ /] O—
0 DN. 0
50 140 160 180
PULL . - + ~~
— 10— P Y
£ &
> o I~ N
3 8 . ™S \‘
® o e LEVEL FLIGHT
J \\{- F.2G.UP
w © N }\
T 4- AN
X GLIDE
V] - F.&G. DN.
&2 N\ N
! LEVEL FLIGHT \
T F.8G.ONT—] ] \\ N
—0 ! — . >
50 60 80 100 120 140 160 \80
Vi - INDICATED A\RSPEED (KNOTS)
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FIGURE 13: EFFECT OF A CHANGE IN ELEVATOR BALANCE NOSE SHAPE
FROM BLUNT TO ELLIPTICAL ON ELEVATOR ANGLE AND CONTROL FORCE
TO TRIM FOR SEVERAL FLIGHT CONDITIONS ON MODEL XBT-2
0.0,A e84
FLIGHT I:9 m:3
WEIGHT 7300 7039
upP cG. 284 285
o— Be 216 .243
o NOSE B\;\g)NT ELLIPTICAL
e N H 3 a3
w 4 2\‘ \ Se -3292%° ¢ 7.52"
a3 |euoe \( FIG. 8b 8¢
2., F.8G. d |
o \ \ ~ O~
g O- N U\ \\ \‘0\
S \ NN N
w - ‘.\\j \\Q\w
U_j ” h \ [~ .L
'y © S N ol \"X -
°, SN T
DN. | LEVEL FLIGHT / a S~ \_ LEVEL FLIGHT
) &?. DN \\\' FXG.UP
50 60 eo 100 120 140 160 180
Vi -~ INDICATED AIRSPEED (KNOTS)
PULL
L 12 ."_'.‘__.ﬁ's\
< '—T\N * TN
Aﬂ 'O\‘ o T~
T LATTTNES N
LN N N LEVEL FLIGHT
S e i~ . N —F.8G.UP
rm AN N ﬁ\ O\ \
d .\ \ .
W 6 & N
g e N\ GLIDE A
Q U \ F.2G.DN. \,
4 AN X A
X
LEVEL FLIGHT
2 F. 8G.DNe—] N I\ \ N\
T2 A N AN N
o : ~\\~ \ \ \ AN
- AN SN
50 60 80 100 120 140 160 180
Vi-INDICATED AIRSPEED (KNOTS)
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FIGURE 14: EFFECT OF A 19% INCREASE IN THE ELEVATOR CONTROL MECHANICAL
ADVANTAGE ON ELEVATOR ANGLE AND CONTROL FORCE TO TRIM FOR SEVERAL

FLIGHT CONDITIONS ON MODEL XBT-2

0.40,A 0.0 A
FLIGHT I3 m:4
WEIGHT 7038 7039
CG. 285 285
uP Be 243 243
3 6 NOSE  ELLIPTICAL ELLIPTICAL
1 ]
S H 43 43
~ 4 ¢ £25°  -22°27%
] FIG. 8¢ 8¢
2 MECH. ADVANTAGE
<2 INCREASE 199%
g
:,: 0
-
w
J 2 -..Y\ - ——d
U P . H—‘P
w \CL_,O__ ®
- 4 °
\\_ LEVEL FLIGHT
DN. -F.2G. UP
160 180
IRSPEED (KNOTS)
iy e
3 - re)
N
N A \
9 U LEVEL FLIGHT
= —_ - F.&G.UP
w T4 N B T g
& € N \C\ T~ /
@] N
T8 i
X 4 P S N k
v} 7. % GL\DE N
5o L . /P ~ S \———{F.8G.DN. e
I N \ ) @
& F&G.ON. —A ”\\ <\ N
e O b i Rl ~"8 ®
50 60 80 l?O I;O |£|10 {eQ 180
Vi~ INDICATED AJRSPEED (KNOTS)




FIGURE 15 : EFFECT OF REDUCED ELEVATOR CHORD ON ELEVATOR ANGLE
AND CONTROL FORCE TO TRIM FOR SEVERAL FLIGHT CONDITIONS ON

MODEL XBT-2
0,0, o,m A
FLIGHT m:3 N:3
WEIGHT 7039 7039
CG. 285 28.1
i Be 243 244
8‘ ‘ NOSE ELLIPTICAL ELLIPTICAL
e W a3 4
w4 A \ Se 22.44 19.61
) &.\ Se +25°  -30%25°
& 2 S FIG. Bc 8e
g E\\ ".\\“
% lo] D\ DA }*\
- [ 1\\-&\
L::i 2 \n\ \\/‘“\% — \O\O\M e ==
w s GLIOE S
p = >-F.2G.DN. \ﬁt T t——o
. | LEVEL FLIGHT s — LEVEL ELIGHT
D F.iG. DN ﬁ—y o \\Q Y F 8G.UH
60 80 100 120 140 16O \80
Vi - INDICATED AIRSPEED (KNOTS)
Q
9 - o
q N\i
D A\ \o\
~8 N ___\.:
0 NN R 1~ — LEVEL FLIGHT
d /' P L7 F3G.UP
6 . <<
gl | S|/
Q4 TR\ N\ _ ~ Z °
< »~ A GLIDE N
U — F.3G.DN. ~_
= 2 N
o LEVEL ELIGHT ﬂ N
o F & G.DN L
b O 5
50 60 0 0o | 120 140 160 80
Vi - INDICATED AIRSPEED (KNOTS)
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FIGURE 16: COMPARISON OF ELEVATOR ANGLE AND CONTROL FORCE TO

TRIM FOR ORIGINAL , REDUCED CHORD, AND FINAL HORIZONTAL SURFACE

CONFIGURATION ON MODELS XBT-2 AND SB8D-|

0,05 °8.A A (FINALY
FLIGHT o g3 ¥:58
WEIGHT 728l 7030 8352
cG. 277 28 285
Be 207 .306
(WITH BAL TA&)
NOSE BLUNT ELLIPTICAL ELLIPTICAL
W 3@ 4 a
Se -32%25° -30925° -30%25°
Se 2029 19.61 18.52
— Su €6.6 70.8 - 708
g up \ GLIDE AR, 372 445 445
- F.&G. DN. .
e a4 %% FIG 8a ge 8l
§ \\4
z? ~ 7
; \\ e o] 'E%ng guewr
o o = .D\\>\ E_ - &<l
g LEVEL FLIGHT Z Ty - a9
> ™ . X
:_I‘: 3 F.&G‘;DN. \)\\\\'}\\{ 0t
'y DN. h\.'\.‘
d 50 60 80 100 120 140 160 180
1 1 |
Vi- llNDICATED lAtRSPEED (KNOTS)
| |
FROM N.A.C.A.REPORT - "MEASUREMENTS OF THE FLYING QUALITIES
OF A DOUGLAS SBD-1 AIRPLANE" MARCH Ii, 1942 ,FIGURE 22 (REF.3)
<— POWER OFF. FLAPS ¢ GEARDN. C6.AT 283 %M.AC.
PULL \
8 Fbé‘
~ \( A \ LEVEL FLIGHT
;V‘_:s > ,:k \\ N~ /TF¥G.UP
Lo X % '\\\A % X °
8, LN
X X S GLIDE
2 =N 5(% F &G. DN. .
S 2 [ LeveL FUIGHT \\x
= F. 2G.DN— (\ N \\ \ \\a
' O | N \a-ﬁ-&\_\— e
4 50 €0 go 100 20 140 160 180
V; - INDICATED AIRSPEED (KNOTS)




1 NACA Figs. 17, 18

w-81

FIGURE 17: DOUGLAS MODEL SBD-I,-2,-3 LEFT WING LOWER
< SURFACE SHOWING FIXED WING SLOTS,"GOOSE NECK® TYPE
PITOT HEAD FAIRING, AND FINAL AILERON CONFIGURATION.
NOTE EXTENSION STRIP SHOWING AT EXTREME TIP.




A NACA Figs. 19, 20
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FIGURE 19: DOUGLAS MODEL XBT-2 EMPENNAGE (ORIGINAL)
NOTE MOVABLE TAIL CONE, BLUNT AERODYNAMIC BALANCE
; NOSE SHAPES, ELEVATOR BALANCE TAB, AND PITOT HEAD ON FIN.
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- NACA Frigs. 21, 22

w-81
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