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MEMORANDUI REPORT

. for
Army Air Forces, lMateriel Command
and
Bureau of Aeronautics, Navy Department
CONTROL-MOTION STUDIES OF THE PBM-3 FLYING BOAT
IN ABRUPT PULL-UPS
By Henry A. Pearson and Leland XK. Smull
INTRODUCT ION

For some time it has been felt that the strength
requirements of control surfaces should be placed on a more
rational basis and that they should in some manner be related
to the acceleration, rolling, and yawing performance required
of the airplane on which they are installed. Pue bothe
fact that existing requirements were easily applied and few
failures of control surfaces had gccurred until recently,
the rational methods, although they were available, were not
useds This was in part due bto the faet that they were, in
general, too long and, in additlon, that the critleal types
of control motion were not known.,

Recent fallures in which both the horizontal and vertical
tall surfaces were apparently inwolved have resulted . in 2
desire to use the more rational metheds in spite of the extra
work that will be necessary. A first step, that of simpli-
fying, the theoretical methods as much as possible, has
already been undertaken (reference 1). So far the results

have been confined to horizontal tall, and they show, as
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boat, < the PBM-%. The control mechanism of this airplane
typical of the cable-type systems that are incorporated in
large transport, cargo, or bomber airplanes as well as those
employed in flying boats. For this reason, the data
presented are prdbably representative for most large airplanes
utilizing cable systems,

The tests reported herein were conducted at the Naval
Air Station during the period from September 1 to October 1,
1942, with the cooperation of the Bureau of Aeronautlcs,
Navy Department.

APPARATUS

Airplane. - The essential characteristics of the PBM-3

flying boat (fig, 1) are as follows:
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Distance from cente; of gravity to center

of 13ft of the horfzonhtal ta8ll, feet . & « « = s « = 30
Design gross wei@ht, DRLLEE 7 oy A R A Al A 116,500

Recording instruments. - Two control-position recorders

were used to debermine the motlon of the elevator. One was
mounted between the rudder pedals (fig. 2) to measure the
longitudinal motion of the control yoke which was the motion
impressed on the elevator. The other was mounted in the

. 3) and was attached directly to

rear gunner's turret (fi

o
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the elevator torque tube to measure the angular movement of




the elevator. The control wheel on the co-pilot's side was

replaced with one equipped to record control Torce (Fflg, B

l-l

In addition to the abov

c
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instruments, a standard NACA
recording accelerometer and a turn meter to record the

plitching velocity of the airplane were also installed at the

—
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center of gravity of the airplane (fig. 5). One-tenth

second timing was impressecd on all the records to give time

histories of the recorded rnotions, accelerations, and
locities.

In addition to the results recorded by the above instru-

ments, observations were made at the start of each run of the

pressure altitude, indicatec airspeed, and manifold pressure
from the alrplane's instruments,

METHOD AND RESULTS
The program of tests carried out on the PBM-3 divided
itself naturally into three phases: The first phase was a
determination of the stability characteristics in steady

level Tilight: and the computdbion of posigib
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maneuvers; the second phase was a series of ground runs in
which the elevator was moved as rapidly as possible; and the
third phase was the actual pull-ups in flight. The' relation

of these various phases to each other will become apparent

from the following:
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Stability runs and preliminary computations. - A number

of unusual factors were involved in carrying out the present
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program and as a result careful preparations were made to

reduce any hazards that might occur. Singe . the -fall loads
were expected to be quite severe in the type of pull-ups to
be made, it was necessary to compare the loading conditions

|

for which the tail was actually designed with calculated

%

2

loadings uslng the fastest possible stick motions. For
such calculations a number of aerodynamic parameters were

necessarv, Scme of these were determined in f1

[

ght while

others were obtained from wind-tunnel data. The ~flight
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tests required to determine these parameters consisted of a

number of steady flight runs at various airspeeds throughout

o e ; L il
the speed range with the center of gravity at 25 and 915
percent of the mean aerodynamic chord. In these tests two

power conditions were used, one being approximately full
power while the other was with the engine throttied.  The
pertinent data obtained during these tests are given in
table 1 wherein up elevator and up tab are designated by
minus signs. The elevator setting given is that measured
at the tail and so does not include any cable stretch; the

is that necessary for trim under the
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tab setting
glven« flidght ‘condition,
The data obtained from these tests, together with that

obtained in subsequent ground tests on the rates of stick

motion, enabled a computation to be made of the maximum

tall load likely to be encountered in flight. The computed



values of the tail load using maximum rates were then compared

with the desien tail loads in order to determine whether the

Pactor and tail-load
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are given in

o

variation computed for an actual rapid pull-up

i

figure 6 for the center-of-gravity location of 28 percent mean

aerodynamic. chord. The computed values were obtained by the
method of refererice 1 in conjunction with the actual .elevator

notlion measured in flight and the characteristics listed in

table 2. The limit design loads for the horizontal tail as
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from the manufacturer are given in table 3. e
comparison, the loads computed for the pull-up of figure o are
also given 1in this

Ground runs. - Following tlhe steady 11

tests, a series of abrupt elevator deflections were made
with the ship sitting on the ramp, in which time histories

were obtained of the elevator motion impressed at the s

1

and that obtained at the torque tube. In the
of ground tegts, instructions were given to four different

pilots to move the controls as rapidly as possible with no

In addition to the above tests, a series of three pull-

backs was made, in which the control was to be moved as
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rapidly as possible, subject to the restriction that the
control be moved less than 12 inches. This restrictlon

was imposed in order to simulate what was believed might
actually occur in flight where the pilot would be constrained,
by the airplane's characteristics as well as by both physio-

logical and psvchological factors, to smaller deflections.
] i . (@] 3
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The results of this short series of tests are given in
figure 8 where the elevator angle impressed at the stick and
the control travel are represented by a single curve with

different ordinate-scales.

on to the point-by-point evaluation of the
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film records that was necessary to obtain the time history
L 4

given in figures 7 and 2, the maximum rates were obtained

directly from the record films by measuring the maximum
slopes. The maximum rates so determined, which may differ
slightly from that obtained from the plotted time histories,
are summarized in table i in the columns labelled "ground
runs ¥

Pull-ups. - Upon completing the ground runs and
determining that the tail loads to be encountered did not

exceed the design values, a series of 2li pull-ups were made

in

from power-on level flight. The pull-ups were made at

nitial airspeeds of approximately 18L, 200, and 220

(=N

three
miles per hour at each of two center-of-gravity positions,

namely 2¢ and 30 percent mean aerodynamic chord. These
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pull-ups were all made within a period of less than 30 minutes
by the pillot who was most familiar with the ship.
The Iinstructions given to the pilot were to pull up to

approximately a 3g acceleration, at each of the three speeds

and two center-of-gravity positions, using two types of

control motion. A repeat run was to be made for each condi-
Clont In both types ol control motion, the pull-back was

to be made as rapidly as possible only in one type, designated
type II; an effort was to be made to move the stick more than
was necessary and then to prevent overshooting 3g by an

abrupt control reverssal., In the other type, designated
type I, the control was to be moved as rapidly as possible

only to the amount necessary to give 3g.

Figure 9 1s the record of the accelerations obtained
with the V-G recorder during the 2L pull-ups. Figures 10

through 21 give the time histories of the recorded quantities
measured in the pull-ups. They are arranged in a manner so
that comparison can be made directly between the so-called
type I and type II pull-ups. The maximum control forces

S

measured are listed with each of the runs,
The maximum rates of elevator and stick movement measured
directly from the record films are shown in figure 22 plotted

against indicate

~

gl papeeid, Different symbols are used to
designate both the type of elevator motion and the center-of-

gravity position. In figure 23, the increments in elevator
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movement required to effect the pull-ups are plotted versus
ailrspeed for the two center-of-gravity positions used.
DISCUSSION
As may be seen from the time histories of the ground
runs (fig. 7), there was an initial lag betwsen the control

and the elevator motion. Purdingsther initlal  agestcrating

period of the control column; the cable and pulley system

stretched storing:potential energy which, during the latter

9

part of the pull-back, caused the elevator to catch up and,
in some caseg, actually to lead the control. At the" ent of
the motion, the stored kinetic erergy caused both the control

and the elevator to travel beyond the static limits of the

Examination of the maximum rates of control movement
attained (see table l;) in the ground' tests indlcated no
marked or consistent differences between the various pilots.
The maximum rates obtained ranged from 82 to 111 inches per
second, all of which were slightly higher than the average
maximum value of about 80 inches per second, quoted in
reficrence. 2.

When a mental restriction as to the amount of travel
was Imposed (see fig. 8), the maximum rates obtained were
only about one-third of that obtained with no restriction.

It is bellieved that the imposition of a restriction as to the

amount of travel will always result in a somewhat smaller
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maximum rate although the reductions may not be as drastic as
in the present gase. For the PBM-3 the spring of the control
system was such as to cause a rapid feedback during the

latter part of the motion which, in some caseé, was greater
than the pilot could control. This may have influenced the
results somewhat in the case of the restricted motions.

The results of the flight tests (figs. 10 to 21) all have
one thing in common, namely that the elevator angle reached
was considerably less than that impressed at the stick. As
shown in figure 23, at 18l miles per hour the ratio of the
actual to the impressed angle 1is about 0.5, whereas at the
highest speed tested (220 miles per hour) this ratio is about
Qa5

The springiness of the control system also had a marked
effect on the "type of motion." As may be seen from
figures 10 to 21, the only difference actually obtained
between the two types is that the pilot, in trying to carry out
instructions, pushed forward more in the type II pull-up than
in the type I pull-up. The "give" in the system as well as
the disadvantageous position in which the pilot had his arms,
with the control moved back about 10 inches, prevented him
from using more elevator than would normally be required for
a 3g pull-up. The results shown in figure 23 clearly

ndicate this variation in that at a given speed the elevator

angle increment 1s the same regardless of the type of motion

that was specifiled.
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The maximum rates of control movement (see fig. 22)
decreased with an increase in the initial airspeed. A
comparison of the rates obtalned on the ground with those
taken in flight (table l;) indicates the flight values to be
on the average about one-third less. This 1s somewhat
contradictory to previous thoughts (based on the ground test
reported in reference 2) on the subject that, provided the
forces are within the pilot's limitation, they have little
if any effect on the movement. It 18 possible 1in the
present case that, in spite of the pllotts statement that he
had no hesitancy-in pulling the control back as ranidly as
possible and the observer's opinlon that this was done,  some
psychological element entered.

It is thought that the decrease in rate of movement
with alrspeed that is shown in figure 22 is due to the
increased aerodynamic resistance encountered as the speed
increased. The decrease in rate that is shown with the
center of gravity moved to the rear is thought to be due to
fatigue on the part of the pilot since the tests with the
center of gravity at 30 percent were performed after those
with the center of gravity at 26 percent and all of them

were performed within a period of 30 minutes,



The results of
1. That the elasticity of the elevator control system
of the PBli-3 was such as to limit the obtainable

acceleration to about 3g for center-of-gravity
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the usual operating range, that
26 to 30 percent mean aerodynamic chord, and for
s.covered by the tesitS.

ck movement obtained

in the ground tests did not vary materially with
various pilots; the rates measured tended to be

slightly higher than previously measured value.
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« That the maximum measured rates of stick
nmovement obtained in Ilight were about one-third

less than on the ground; for design purposes a

H

aximunm rate of 20w inches per second should be
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quate for airplanes of this size,

Langley Memorial Aeronsautical Laboratory,
National Advisory Committee for Aer
Langley Fleld, Va., November 1
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TABLE 1
DATA RECORDED DURING STABILITY RUNS

We/ghf45:550 67. a) 257% Pom,er on Welghf 44350 Cy @3452 Fower on
v |rRPmAaIt, | Elev | 726 | v |RPM|AJE, |Elev | 7ab

mph 7 serreng sef7ing mP/'? Fr setting .serhngi
v o4 | 2295 18100 |26 | 2.4 |104 22957350 /-9 -20
115 | 2958360 -21 |+ .2 |115 |2290]| 7800| 4.6 - 208

126 |2295 | 8590(+0.6 /0 /26 | 2300 | 8ooo| 4.1 -3.4
38 1 22951.9/20) 2.6 = A /138 | 2300 | 8250 4.8 -3./
/50 |2305| 8450) 33 |-2.0 | 150 |2305 8450| ¢.5 |-3.4
/61 |2300| 943042 |-2.2 |/é/ |23/0 agop| 7" k38
172 |23/0| 9400 4.6 ‘2 e 172 2310 L BSapH -4.0
|84 | 23/0| 9030| 54 |-30 |184 |23/5| 8200 74 |-42 |
ol 2310l 870015685 . |-3./ /96 |2315 | 7600| 76 e i

l | , a

Note : Tab settig recorded 1s hat required rer trim,
oS5 Indregles 74 aﬂy/e

Weight 45550 Cq.&) 255 Fower off |Weigh? 44350 €7 D 34.5% Fower off

vV (RPM | A/t |Elev. | Tab v | RPM A/, | E/ev. | Tab
mph ft |setting |setfing|mph f7. |setting|setting

104 2295|3800 | -4.¢ |+21 104 | 2295 | 4400| 2.8 28
/15 2295|3900 | -1.2 o 115 | 2295 | 4400 | 4-6 -3.4
| 126 |\2300|4000 | 1.0 |-08 |/26 (2295 |9400| 5.5 |-34
{582 37014100 | 2.8 '|-12 /]38 2295 (4500 | 6.9 -4.0
150 (2320|4400 | 3.6 |-27 |50 |2285|4800| ¢.56 |-20
16/ | 2320|4400 | 4.2 -2.0 /61 [ 230514500 ¢4 o e,
[72 | 2320|5000 | 4.6 |24 |/7Z |2305|5300| 7.4 |40
184 | 2320|5500 | 53 |25 | /84 |2305 6000 | 7.6 |-39
196 |2305| 7000 | £§ |-3.0 | /96 |2308 6400 | 7.7 |-40
l

1
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TABLE 2

CONSTANTS USED IN COMPUTATIONS OF PBM-3 FLYING BOAT

N

AR BTER, BOUEYe TEEE .. v e e o s e sl el W RO

B tell Bres, pauEre £e8b . . v w0 e v w wina w 2,2

8, elevator area, square feet . . . . . « .« . + & o+ 96,2
v Y s e U S R g I R T T e R L
By tall gpan, Leel o v ¢ « o v s s e nie s ww s

x+ distance from aerodynamic center tal
to eenter of gravity, Teel .« o« «. s & o v 0 »

Sy

e racdius of gyreatlon Inplbeh, Feek & o « o s e

W gross weight at time of pull-up, »nounds . o e
acCr, ; e : ;
—= slope of airplane 1lift curve including

B thrust component and with tail surfaces
iRy oyl e Ts RN R S e I S e i O

E ‘Gupirien] damping FaOLOT v s b 4 v o 4 s % 4w @

Ny tail efficiency factor, Qe % wee & vk g

dCr,
L horizontal tail 1ift curve slope/radian . . .
dCLt iy
dcC
—EEL gilevator effectivencss Slope o @ 5+ s o ' e s
6]

TR cE i anelma s (R ISIgEgi et o w e g e el ol el e e,
: 2
A aspect ratlo t) /S ° L . . . . . . . . Ll o L] ° .

p air density (5800 feet), slugs per cubic foot .
d

€ s
==Pldowlwadl Faclor « wiis o e s e s e del G NN LG e N

da
ACmy ot e
5 rate of change of elevator moment

t W tl-leamber s « Wl s e n e s e ol slie e e e el




Taislerd
Summary of limit loading conditions
for horizontal tail of PBM-3

Deflected control

Angle ofattack
9 load surface load Net load
Right | Left Right | Left | Right | Left

Balancing load '
c.g. forward ~2769|-2769] 2882 | 23041 182 170

24.4.%
Balancing load
cg aft 355% [-2893 [-2893| 3640| 3485 | 692 | 692
Vertical gust

load 443 [ 44231
Horizontal
gust load ~3 31 331
Maneuver

load 443 | 443
Landing
inertio load 6505 | 6505
E' x c,;g. 1980 1980
b o e -2262 |-2262
ot
< BB ) 2060 | 2060
8;%’525%""“ 2094 1-2094
A 2445| 2445
P age [|30%MAC -2089 |-2089

Note: Minus indicdles down load

NATIONAL ADVISORY
COMMITTEE FOR AERONAUTICS
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Lievaror corifro/ morion rates measured or? FBIM-3

Stick arigle rafe | SIick fravel rarte | Llevalor angle rafe

degfsec 1/ SEE deq . [sec ‘

Ground runs Groord rurms | Grourd 1S

S 77 R Y7/ o B .7/ § ooz B
[1rowl Frowy [tirov\ T Firon (ol o)

20z | 134 |/41 |70 |77 |5/ |84 |27 TeT [46 /32160 | ~

[74 /47 /54 |88 |66 |56 |92 |34 |65 |50 /4] 16/ | =

/16 |/59 |/60 |89 |67 |61 |95 |34 |68 |49 /35 &5

/93 /69 /86 . 65 [l 7098 LS

/76 /76 | /34 67 |67 |80 50 B g

/70 1126 |/6/ 65 148 96 60 |40 L

192 /42 /38 5 e 47 |4 {leg: "u

/60 /65 | /58 6/ 163 |94 60 54 1 /80

e B CCREVRT ARy & &

/63 1//6 | 164 62 |44 [958 25 |

/44 /30 a5 1) o |l g

/48 /50 T 45 145

NATIONAL ADVI SORY
COMMITTEE FOR AERONAUTICS
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Figure 2.- Control position recorder for recording
stick motion,



Figure 3.- Control position recorder for recording
elevator motion.




Figuré 4.- Wheel control force recorder mounted on
stick for recording maximum control force.




Figure 5.- Recording accelerometer, recording turnmeter
and timer mounted at center of gravity of the airplane.
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Figure 9.- V-G records obtained in 2 pull-ups on PRM-3 airplane.
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