FILE COPY

@ https:/intrs.nasa.gov/search.jsp?R=19930092618 2020-06-17T01:29:06+00:00Z

NO. |-W

MR April 1941

NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS

WARTIME REPORT

ORIGINALLY ISSUED
April 1941 as
Memorandum Report

TAI1I-LOAD MEASUREMENTS ON THE XB-15 BOMBER
IN GUSTY AIR
By H. A. Pearson and J. B. Garvin

Langley Memorial Aeronautical Laboratory
Langley Field, Va.

- s ILE,COPY

N AC A To be returned to
the files ot the National
Advisory Gommittee
for Aeronautics

WASHINGTON Washington D. C.

NACA WARTIME REPORTS are reprints of papers originally issued to provide rapid distribution of
advance research results to an authorized group requiring them for the war effort. They were pre-
viously held under a security status but are now unclassified. Some of these reports were not tech-

nically edited. All have been reproduced without change in order to expedite general distribution.

L — 548




NATJONAL ADVISORY COMMITTEE FOR AERONAUTICS

MEMORANDUM REPORT

for the
4 Army Air Corps
3 TATL-LOAD MFASUREMENTS ON THE XB-15 BOMBER
TN GUSTY AIR

By H. A. Pearson and J. B. Garvin

Introduction

Statistical measurements of the accelerations encountered.
in gusty air have beon accumulated over a period of years in
order to determine the loads to which airplanes may be subjected.
On the basis of certain concepts and hypotheses regarding gust
shapes, the statistical measurements have gencrally been
evaluated 80 as to yield either so-called "effective" or "true"
gust velocities as applied to .the wings of airplanes. Subsequent
application of these values to the design of new airplanes yields
a resulting design which 1s substantially correct as far as the
wing is concerned but there is no certainty that these values
can properly be applied to the design of tail surfaces.

Because of the meager data concerning the gust loads on
tall surfaces, the NACA undertook to make direct measurements
in flight on two airplanes. In both of these investigations
which were conducted on e small and a moderately large airplans,
the tall surfaces were mcdified in such a way that the gust load
wes measured by the deflection of calibrated springs inserted in
the struts that braced the tall surfaces. The resuits of these
tests agreed qualitatively with expectations based on an early .
preliminary theoretical study in placing the "effective" design
gusts as Increasing in intensity in the following order:
(1) horizontal tail, (2) wings, and (3) vertical tail, However,
since the instruments used in the above tests were of the type
which gave envelope curves of eilther the tail load or elevator
deflection against air speed, some doubt existed as to the time
correlation of the measured quantities.

Meanwhile, the theoretical studies have been considerably
] extended (reference 1) to indicate the horizontal tail loads
to be expected when sirplanes of different gtabilities encounter
hypothetical gusts that consist of a constantly graded portion
followsd by a constant valuse. However, ag the theoretical studies




of tail loads are hampered by lack of knowledge regarding the
exact gust shapes likely to be encountered and by the complex
character of the flow in the reglon of the tails of powered
airplanes subjected to irregular motions by gusts, further tests
on larger airplanes appeered to be desirable, The Army Air
Corps agreed to cooperate in such a project by allowing suitable
equinment to be installed in their large XB-15 bomber.

Thie report presents the results of tests which cover a
total of about 240 flying hours on the XB-15 airplane. These
measurements were made under autnorxty granted by the Air Corps
in October 1938,

Airplane and Instruments

A__p}ane — The IB~-15 alrplane on which the tail-load
measurements were made ig shown in figures.l and 2 and its perti-
nent dimensions are listed in table 1. The elevator and rudder
on the XB~15 are both statically balanced by means of concentrated
lead weights arranged within the fuselage. In flight the taill
surfaces are moved by a modified servo-control system. Although
the fixed portions of the surfaces were metal covered, the
movable portions were covered with fabric.

Instruments.— The following standard NACA photographically
recording flight Instruments were installed in the airplane (see
fig. 3 for location):

1. Air-speed recorder located in the nose compartment of
the alrplanc and connected to a swiveling pitot head
8 feet forward of the nose.

2. Single—component accelerometer mounted below the catwalk
of the bouwb bay near the center of gravity of the
airplane.

3. Single—component accelerometer mounted on the walkway
. leading to the tail at a distance of 39 feet behind
the center of gravity.

4, Control-position recorders esttached to the rudder and
the elevator. Thege instruments were used to distinguish
betwoen accelerations and tail deflections caused by
gusts and those caused by control deflections.

In addition to the above standard instruments, a photographi-
cally recording optical gystem was used on the horizontal and the
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vertical tail surfaces to measure their deflection under load.
This system congisted bagically of a light source mounted at the
tip, the movement of which, relative to the root of the spar, was
recorded on a moving strip of film carried by a film magazine
contsining 20 feet of film located within the fuselage. This

amount of film wag sufficient to give a total duration of 30 minutes.

The installation comprised a 32 candle—power bulb mounted
inside the fixed portion of the tail surface close to a spar and
near its tilp. The bulb was shielded by a metal shield which con-—
tainod a 0.010--inch hole located between the filament of the bulb
and the camera. The complete unit, which weighed less than
8 ounces, was attached to the ekin next to the spars in as rigid
a menner g8 possible so a3 to minimize any relative motion between
the spar and the light. The continuous film cemeras wers placed
inside the fuselage and attached rigidly to ths spar running
nearest the light unit. The cemeras were fitted with telephoto
lenges in ordasr to give sufficient magnification to provide
convenisnt and accurate reading of the film record.

The deflection apparatus was so alined (see fig. 4) that
the small hole in the light shield directed a beam of light from
the filamsnt of the buld into a 1/4-inch hole in the fuselage skin
located within the outline of the fixed tail surface. The beam of
light tunen entered the telephoto lens of the camera and was
directad through a 3/16~inch slot onto ths gansitive film which
travelad across this slot. The original alinement was somewhat
tedicus and difficvlt to obtain, but after each unit was properly
placed, further adjustments were comparatively simple.

All instruments were gynchronized by a standard NACA motor
timer connected into the circuit and having a timing interval of
1 second.

Flighte

The flights made during this Investigation cover a period of
about one complete ysar wnd are repregentative of the average type
of flying mads by Army personnsl when operating in the vicinity
of Largloy Field in fair weosther. The ectual flying time spent
in local flying was 65 hours during which 108 minutes of record
were taken. Records were taken whenever, in the opinion of the
observer, airplane acceleration increments of x1/hg were likely
to be encountered in a given stretch of turbulence, All gusts
recorded during the local flignts were very mild in nature, never
producing greater than a 0.4g acceleration.
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However, during these tests a number of flights were made |

to distant points in North, Centrsl, and South America, but only ‘

on -two such flightes was it permitted to keep the test equipment

aboard. In both of these instances records were taken by memhers

of the shipfs crew, r

|

|

|

|

|

|

A list of flights made away from Langley Field is as follows:

Flying Instr.

Date ‘ Destination time, time,
hours minutes
7/22-23/10 Langley, Mitchell, Langley 3.8 15
10/26-27/40 Langley, Maxwell, Langley 5308 55 |

2/26 /40 Langley, Wright, Langley B3 18

*l,/8-5/12/40 Langley, Fanama, operations
over Central America and
out to the Galapagos Is-—

lands, Tangley 103.0 245/
6/6/40 Langley, Wright, Lansley 6.0 0 ; |
6/13-14/40  Langley, Wright, Langley 6.2 8 |
i |
*7 /26 /40 Langley, Amarillo, March,
Seattle, Spokans,
Selfridge, Lengley 37.1 0
Total 180.1 121

Total 2h5.0 229

Local 64.9 108
* No NACA pergonnel acdompanied these flights. r

The abovo tofal does not represent the entire flying time |
placed on the XB--15 between the dates 7/5/39 and 9/27/40 (the
dates covering the tests) but only some fraction (probably 75
percent) dus to the fact that the instruments on several occasions
had to be removed or disconnected, depending upon the mission
involved.

Although the total time with test equipment aboard was fairly
large, with respect to other flight investigations, the size of
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the gusts encountered was quite small, having at no time exceeded
en ecceleration increment of 0.75g. It might be mentioned here
that during one of the flights on which no test equipment was
permittod the ship encountered particularly severe weather as
indicated by the V-G records.

Calibretion of Deflection Recorders

In order to convert the measured tip deflection into tail
lozds and subsequently into effective gust velocities, 1t was
necessary to obtain a curve of surface deflection against load.
This calibration, in the cage of the horizontal tail surface,
consistod of two pasrts: (1) a static calibration on the ground
uging e dead-weight lcading to produce a deflection at the tip,
and (2) a flight calitration in which the c.g. position of the
airplane was saifted during flight, thereby changing the balancing
load on the horizontal tail.

Since the actual span loading at the tail under flight
conditions was unknown, an "influence" type of loading was used
in the static calibration in order to permit a later estimation
of the effect of possible chenges in span load distribution on
the calibration., 7The actual calibration procedure in the static
tests consisted of: (1) laying out convenient loading stations
alone the span, (2) setting up dial gagee at various locations
to give a true reading of the deflection of the surface at the
point of attachment of the light source, (3) applying a unit
loaed at each of the loading stations in turn, and (4) reading
the dial gages end taking a short record on the deflection
recorder for each weight location, \

In order to obtain sufficient points for an adequate
calibration, the unit load was given sseveral different values
and also disposed in several different chordwise distributions.
This procedure gave a curve of the deflection at the tip produced
by varioug amounts and types of chordwise loading when placed at
a given gpanwise station. Since the light source was mounted
near the apex of a substantially triangular beem, it was found,
as would bo expected, that the chordwise load distribution had
no measurable effect on the deflection for a given total load,
It wag found that the static-lcad deflections bassd on the
influence~line results checked the deflections obtained in the
flight calibration when the static load was distributed along
the span in proportion to the chord at oach staticn,

Although it was intended to calibrate the vertical tail
surfaces in flight by producing a yawlng moment with a parachute




drogue attached to the wing at the outer engine nacelle, the good
agreement in the above cage caused the flight tests to be dispensed
with gince they would have been of a hazardous nature. Thus, for
the vertical tail only a static ground test was performed and the
influence type of loading previously deecribed was used. Assuming
in this case as before that the spanwise air load along the vertical
gurfaces was similar to the gpanwise chord distribution, it was
found that a load of 31C0 pounds would cause an actual deflection
of 1 inch at the position of the light source in the fin., The
corresponding load valus for the horizontal tall surfaces was

found to be 5300 pounds,

In accelerated flight, the deflection measured is due to a
combination of air and inertia loads and it would be necessary,
in a truly accurate determination of the lcads, to take into account
both these distributions, However, because neither the air load
nor the weight distributions were accurately known, the assumption
was mede in evaluzting the records that both the air load and the
inertia load were similar in form to the chord distribution of
the surfaces. Additional assumptions implicitly used in evaluating
the date were that the gusts encountersd never stressed the tail
beyond the elaslic limit and that the gusts were of sufficient
gize to envelop the entire surface in e uniform field of velocity.

Methods and Results

Tn the ovalustion of the records to obtain effective gust
velocitiss, the following methods were used: For each flight
the c.g. accelercmoter record was examined and ell points which
indicated acceleration incremonts of approximately 0,2g or over
were marked to be read, These points were compared with the
elevator and rudder control-position records and all accelerations
and loads which might have been caused by control deflections
wore then eliminated, The air speed, tail acceleration, and
horizontal tail deflections were then read for the remaining points.
There appsared to be no apparent relation, with respect to time,
bstwsen a normal acceleration arnd a side load on the vertical
tall, Thersfore, the record of the vertical tail surface was not
read as described above but was read at each point where the
actual deflection of the surface appeared to be greater than
one-tenth of an inch, i. e.,, corresponding to 310 pounds loead.

‘The solution for the effective gust velocities over the wing
was made ag follows:

M Anc.g.W/S v

18] = cem
ew ¥ g2 " (l) 5
dCL
da 4
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where Ang o 18 the acceleration increment from lg measured

at the c. g.
W average welght as flown, 55,000 pounds
S .wing area, square feet .
acy, ~ ‘
o glope of wing lift curve, tagen as 5,01
a dynamic pregsure, pounds per square foot
v : indicated air gpeed, feet per second

The effective gust velocitlies over the tail swrfaces wore
found in a simila> monner and were determined with respect to
the frse air stream, TIn this manner, any changes in the direction
or velocity causcd by the gvst first striking the wings is included
in the solution for the effective gust velocity. Therefore, for
example, the differences which appoar between the effective gusts
on the wing and the horizortal tail are largely due to the action
of the wing in producing downwash at the tail. The value of the
effoctive gust velocity at the tail surfaces was determined from
the cquation

Albtv
T § !
T (2)
deyy, PN, i
where ALa_ is the increment in asrodynamic load on the tail
b surface, pounds., The increment in aerodynemic
losd is not that load which is rccorded directly
on the strain recorder, but is the recorded load
plus the load due to the inertia of the tail surface
itself. 1In the case of the vertical tail, the
inertia load could not be obtained because no
means weve at hand for accurately measuring the
lateral acceleration at the tail, Since it is
known, however, that these accelerations are very
small due to the combination of a relatively small
side area and large moment of inertia, it was
necesgsary to assume that the effect of inertia on
the vertical tail load was negligible.

Sy the tall surface area, squafe feet
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it slope of the lift curve for the tail—-load surface,

doy, taken as 4.23 for the horizontal and 2.58 for the
vertical surface,

Rather than give the results of the tests as separate plots
of effective gusts for the horizontal and vertical tail surfaces,
these quantities have been plotted as ratios with the effective
gust velocity determined for the wing. These ratlios are given
in figures 5 and 6 plotted againet the effective gust velocity
measured on the wing., In the case of the wing and horizontal
tail there was a definite correlation which indicated that the
same gusts striking the wings also struck the horizontal tail.
Thus the points of figure 5 represent the same gust striking
the wing and tail eurfaco in turn. In this figure, as well as
in later ones, no atlempt was made to distinguish between up or
down or right and left gusts as there appeared to be about an
equal distribution,

Since there appeared to be no time correlation between the
gusts striking the veitical tall and those striking the wing,
the ratios of these quantities given in figures 6 were formed
from the maximum valueg found within the various runs,

Table ITI summarizes the effective gust velocities evaluated
for the wing, the horizontal, and the vertical tail surfaces of
thls airplane. It includes all gusts obtained during the entire
period of measurements which wers considered worth evaluating.
Since one or the other of the deflection recorders Tailed to
operate at times, the total number of gusts for the respective
surfaces are not equal.

In addition to the evaluation of effective gust velocities
at the wing and tail, some of the peak sccelerations obtained
with the c.g. accelsrometer were evaluated to glve "true" gust
velocities and gust gracient distances. For this purpose all
acceleration peaks which were preceded by reasonably constant
values of acceleration for sbout 2 seconds or more were used.
Only a relatively small number of the gusts evaluated it this
criterion.

The gradient distance, H, in which the gust resches a
maximum value was determined by multiplying the time clapsing
from the start to the peak of the acceleration by the true
alr gpeed. Theoretical studies indicate that such a procedure
is Justified since for the gusts encountered in the atmosphere
the gradients are apparently such that there is little, if any,
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lag between the point of maximum acceleration and that of maximum
gust velocity.,

The true gust velocities assoclated with these accelerations
were obtained by dividing the effective gust velocities of equation
O)by an alleviating factor which corrects for the proportion of the
gust velccity that is acqulred by the airplane in traversing the
gradient distance, H. The true gust velocities evaluated in this
manner are plotted in figure 7 against the gust gradient distance, H,

Precision
The following aro estimates of the accuracy to which the

various quantitiss used in the evaluation of effective gust
velocities were IrT.own:

Acceleration (c.g.) 10.10g
Acceleration (tail) +0.10¢g

Air speed : +2 mph
Airplane weight +10 percent
Increment in control position +1/4°

Load (horizontal surface) +200 pounds
Load (vertical surface) . i300.pounds

The above limits on the loads and accelerations apply mostly
when the peak values are read so that the question of time
correspondence is not invclved. An idsa of ths discrepancy
in synchronization between the standurd instrurents and the
deflection records can be gzained from tae typical time history
given in figure &. Part of this dizcrepaucy n the case of
the horizontel tail-load msagurenentc can be expleined by the
fact that the light source of the def!ection recorder had a
8light chordwlse motion as well as thas normal to the chord.
Any motion of the light beam across the 3/16-inch glot caused
by chordwise motion of the tip revressnty a movement along
the time scale of the film which could not be corrected when
reading the records., However, since most of the results given
in this report were obtained by reading the various quantities
at peak values, which obviously correspond, (such as points A, B,.
C, of fig. 8), the lack of time synchronization is of small
importance.,



J 10

} 0 | o  Discussion

|
|
|
/
| Although the results of these tests cannot be classed as
| completely conclusgive because of the relativoly small gust
.velocities encountered during the tests, they do show variations
| that are in agreement with oxpectations and with the results of
| other tests, r
|
|
|

V On the basis of very simple reasoning, it would be expected
that any gust of dintensity, U, that strikes the wing would
/ cavse a change in wing angle of attack approximately equal to

} g.. At the horizontal tail, the corresponding change in angle of

/ attack, if the gust could be essumed to versist, would be

7

| {1 ".jS)Q: where %€ 1g the rate of change of downwash with
| \ do da,

angle of attack. Since e is about 0.5 for airplanes of
: (o

|
| normal stability, 1t wouvld be expected that the effective
| gust for the horizontal tail would be about one--half of that
\ for the wing. The actual picture 1s, however, not ss simple as
| this because a number of other items such as pitching velocity,
\ free vortices shed from the wing, and the gust gradient
| influence the effective horizontal tail gust. At present
| these influences are only known qualitatively. If a simple .
| flat~top gust with eonstant positive gradient is consgidered, it
| can be said that the free vortices shed from the wing would tend
slightly to increase the effective gust velocity at the teil over -
U

that given by (1 = g_i)v whereas the gradient digtance and
(o]

\
‘ pitching velocity ordinarily tend to decrease the effective gust ‘
| velocity. The gradient distance accomplishss this decreasge by ‘
‘ virtve of the fact that the tail would be in an arca of lower ‘
‘ gust velocity tnan the wing while tests 1n the gust tunnel show ‘
that the usual airplane has acquired a diving angular velocity
by the time the peak gust velocity is reached, which in turn r
‘ relieves the effect of the gust. }
|

| Figure 5 indicates that in spite of the relatively low gust

| velocities measured in the tests thers ig tendency for the ratio.

| of the horizontal tall and wing gust velocities to approach a

constant value of about 0.4 somewhat in accord with what would |
' |

be expected from the sbove reasoning, 1. e.;vgi gf0.6.' The wide |
| (04}

scatter at the lowsst wing gust velocities can partially be ex—
plained by the fact that the accuracy of measurements in this
range is relatively poorer than in the high range and by the
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fact that slight elevator movoments, pitching velocitios, etc.
have a predominating influence on the emall tail loads involved
Another explaenation is that in some instances gusts were encoun—
tered which, although they were of gufficlent extent to envelope
the tail surfaces, struck only a portion of the wing. The gust
of small extent 1s thus more likely to yield high ratios of the
quantity U%h%vw. The ratios of gust velocities for the vertical

tail (fig. 6) show no definite variation with increase in the

wing gust velocity. It must be remembered, howsver, in connection
with thie figure that the gustson the vertical tail did not corres—
pond in time with the measured wing gusts but are ratios of maximum
values occurring in a given zone of turbulence. In view of the
fact that the gustiness in such a zone is likely to be of a hetero—
geneong nature, the ratios of Tigure 6 may not be those which

would be obtained if the individual runs could have been longer.

A relatively simple anelysis indicates that the ratio of the
effective lateral gust acting on the vertical tail, which would
give it unit liasar acceleration, to the normal gnst acting on
the entire wing, which would give to the whole airplane a unit
linear acceleration, is equal to

dcC-

e
Utagr da ¥ kz>2
Uytng %1, \1
dat Zay

where X, 1is the radius of gyration in yaw, feet

[5d distance from c.g. to aerodynamic center
of' vertical tall surfaces, feet

Sy wing area

S¢ tall area

acy,

an slope of 1ift curve for airplane, radians

For ordinary airplanes this ratio might vary between 3 and 10
although obviously if the entire surfaces were not involved,
considerably different ratios could be obtained. No spebial
quantitative significance can be attached to a ratio computed
as above but it does reveal that the effective "wing loading"
on the vertical tail is higher than that of the wing. This,
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in turn, means that there is less "yielding" of the airplane in
yaw 8o that in traversing a lateral gust with a finite gradient
distance, the tail surface would have acquired a smaller amount
of the gust velocity by the time the maximum value was reached
than would be the case for the wings traversing a similarly
graded vertical gust. The results of figure 6 are in qualitative
agreoment with this reasoning.

Since in the tests it was usual to cruise within a close
range of air speeds on automatic pilot, the propeller-operating
conditions were always nearly the same. For this reason as well
ag the fact that a yaw of about 6° would be necessary before the .
glipstream could strike the vertical tall, it 1s felt that gusts
measured were unaffected by slipstream conditions.

The results shown in figure 7 indicate, in agreement with
other data (e.g., reference 2), that the maximum true gust
velocities measured. are assoclated with a gradient distance
glightly larger than the wing spen. Such a result is partly in
keeping with the hypothesis advanced in refersnce 3 which gives
the result that the maximum gust velocity varies as the cube
root of the gradient distance, the lateral extent being approxi-
metely the seme as the gradient distaice, H. Thug, in order
to produce a fairly large normal acceleration, the gust should
at least envelope the whole wing which would call for a gradient
distance equal to or grcater than trhe wing span. For gusts with
longer gradient distances the airplane would have time to pitch
into the gust and thus relieve its effect. Therefore, it would
be oxpected that the evaluated gust velocities would decrease
beyond & certain gradient distance which would seem to be indi-
cated by an envelope curve around the results of figure 7.
Results similar to those of figure 7 are also included in
reference 2 for considerably larger gust velocities.

Concluding Remark

The results of these tests are in qualitative agreement with
expectations and with the results of previous unpublished tests
of two small airplanes in indicating that the effective gusts on
the horizontal tail sre about one-half those on wing while those
measured on the vertical tail average substantially higher than
those on the wing.

Langley Memorial Aeronéutical Laboratory,
National Advisory Committes for Aeronautics,
Lengley Field, Va., April 26, 1041,
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TABLE T

General Characteristics of XB-l15

OVer—all Span = — = = = = = e - - = - - — — Pt 0 in.,
Over-all longth — = = = = - - e e v w = = == - B7 £t T in.
Over—all height — = = = = e e e e e e e e e oo £t 10 in,
Wheel tread — — = w = = = ;e o - - - 25! Pt
*Weights

Empty = = = =~ e e e e e - - - 37,709 1b

GroSE = = = = = = = o - - = - - - — 70,706 1b

Average as flowvn — = = = = = = = — — - - — 55,000 1b
Engines

4-R-1830-11 P & W twin Wasp B

Guar ratlo — = = = - - B2

Blower ratio «— = = = = e m = e - - - - - 10:1

1000 hp 2450 38 1in. Hg (take—off)
850 hp 2450 31 in. Hg 6000 ft

Wing
Section NACA 0018-0010
Chord (root) = = = - c e e e = = = = 29 ft O in.
IDCAAODCE = == = = = oo cw o o e - . - 4° 30!t
Dihedral 3° (upper) 6°~30' (lower) — — — — — ~ 40 Y5t
Area
Not = = = e e e e e e 2480
GroBE = = = = = — - - e = = - = - 2780
Flap areg — = — = — == mo s et o e e 252
Horizontal stabilizer
Span = = = = - - - - - - L5 Pt
Area to elevator hings center line - — — — — — Net 276.0
Area to elevator hinge center line =— — — — — — Gross 324.L4
*elght = = = = = e e e - - - - 569.7 1b
Elevator
Ares (total) — = = = — — g - 180.8
*Weight — surface — — — = = — = = = = = = = — 497.3
- counterweight — = = = = = = — = = = = 151.8
Vertical fin :
Helght above center line fuselage = — — — — — — 14 £t 10 in.
Area to rudder hinge center line — — — — — — — 60.9
*Weilght — surface =— = = = = = = = = — — = — — — 123.8 1b
Rudder
Area (total) = = = = v - e e e e e e = - 82.2
*Weight — gurface — — — — = = = = = = = = = — =~ 328.0 1b
- cownterweight — -~ — = — — — — = — — — 75 o A0

* Weights taken from Boeing Weighing Report D-939A Fo. 8
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Effective
gust
velocity,
fps

O~1
1-2

TABLE II

Summary of Effective Gust Velocities

Number of gusts evaluated

Wing Horizontal Vertical

tail

» 40
35 141
81 57

165 22

349 262

tail
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FIGURE 3.— INSTRUMENT INSTALLATION IN XB-I5 AIRPLANE. ‘
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Figure 4.— Schematic diagram —of deflec/ion recorder located /n  tail
surfoces Tof XB-/5 airplane.
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