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EFFECT OF SPRING AND GRAVITY MOMENTS IN THE
CONTROL SYSTEM ON THE LONGITUDINAL STABILITY
OF THE BREWSTER XSBA-1 AIRPIANE -

By Wil fam H.,o-Phillips::
SUMMARY

“Calculations have been made to determine the effectis
of spring_and gravity moments: in the control:system on the
longitudinal-stability characteristics of the Brewster
XSBA~-1 airplamne, and the computed results have been veri-
fied by flight tests. o

It has ‘been found that the type of stick-force vari-
ation with airspeed in a given flight condition may be
changed within wide limits by use of weight or spring mo-
ments in the control system and that the stick forces re-
quired in maneuvers may be reduced by the use of weight -
moments. By the use of weight and spring moments in'com-
bination, both of ‘these factors may be adjusted independ—
ently. Flight tests on the Brewster XSBA-l -airplane i
showed, however, that the maneuvering forces: ‘could not be: -
reduced below a certain point without encountering an' un-—
stable condition in which the airplane diverged from
straight flight fnto a’'dive ‘wWith.controls free. - -

The use ‘of a ‘weight moment -large "enmough toincrease
appreciably the moment of inertia of a ‘control system was
considered byjﬁhe‘pilot to be undesirable. - : 3

IFTRODUCTION

Kt the request’ of “the Bureauiof Aercnautics, Navy
Department, an investigation has been made by the NACA
at the Langley Memorial Aeronautical Labordtory: te de—
termine thedretically the effecéts of 'spring.and gravity. .
moments, used singly or in combination, on longitudinal-
stability chdaracteristics of the Brewster XSBA—-l.airplane
and to correlaté the theoretical results with the .results

of flight measurements.




CALCULATED EFFECTS OF SPRING AND GRAVITY MOMEWTS

The lonQitudinal stability of an alrplene under wvary-—
ing conditions of power cannot be computed accurately bdut
must be determined ‘exper iméntally. If the stability char-—
acteristics are known, however, the changes caused by the
addition of spring or weight moments to.the-_ontrol system
can be readlly calculated. B T N A 1

It S necessarv to know the varlatlon of elevator“
anble, elevauor,force 1nc11nat10n ¢f the.thrust: ax1s,
and force par -degree +r"m—-vab ‘change w1tb airspeed. . From
thesse cuaracterlst ¢s, ‘the varlatlon -of: .stick forice w1tn
al rspeed that will occur- with any arranﬂemenf of weight
and spring moments ‘in ‘the st*em.maV be Lound; - It is
necessary only -to caltulate “‘the force dincrenent contrib—
uted by weight or spring at corresponding walues of ele—
vator angle and attitude  of the” thrust axis and to'add
this increment. to-the- orlginal value of force for:the same
conditions of speed, power , and’ trim—tab gebting. -4 new
curve of stick force against airspeed can then be plotted
for the modified control system. The variation of stick
force with airspeed for any-other trim—tab setting may be
obtained by adding to the values obtained from this modi-
fied force curve the stick force caused by the change. in
trim—tab. sett;ng. The. following special cases are of in-
terest. WS ’ ; 8

Soring £1v1nv.const'nt nlnpe noment ~ Av spring giv—-
ing approximately constant hinge moment mav be.atta ched -
to some part of the:rcontrol system,” t1f 11near change of
tail=13ift coefficient with afinge~noment coefficient, is:
assumed, a constant amount of lift will Ybe added to the
force on the tail at any airsveed, thus giving a fi xed
moment about the center of gravity. The effect of this
moment on the forces required for trim of the airplane
will be about the same as the effect if the center of
gravity of the airplane were shifted by a weight giving
the same moment. The variation of stick force with speed
in steady flight is therefore affected by a constant—
tension spring in the same way that it is affected by a
shift in the center--of—gravity position. A spring tending
to depress the elevator causes an increase in the slope
of the curve of stick force against airsveed as does &
more forward location of the center of gravity,

In cases in whieh the wvariation of elevator—-1ift
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coefficient with hinge-—moment coefficient is nonlinear,

the use of a constant—tension spring will not ,-of .course,
nave exactly the same effect as a shift of the ‘center of
gravity. (o ol o Sl

The use of a constant-moment spring does not affect
the characteristics of the airplane in accelerated ‘maneu—
vers, because the force that 1t apnlies to the control
system is unaffected by normal'acceleration.'”If;'there—
fore, an airplane had satisfactory'characﬁeristidé n
maneuvers but had an unstable variation of “gtick force
with speed in steady flight, its stability characteristics
could be improved by the use of a constant—moment spring
tending to depress the elevator. ;

Constant weight moment.-— i constant weight moment on
the control system may:be approximated by attaching a
weight to the elevator or t0 an. arn extending horizohtally
ahead of or behind some hinge line in the system. Actual-—
1y, the weight moment can never be exactly Cbnstant be—
cause the moment arm changes slightly with elevator angle
and inclination of the airplane. " The effect of this mo—
ment on the-stick forces in .steady flight will be similar
to the effeet of the constant—teneion spring discus'sed
previously. ' ' ' SRS :

In maneuvers, however,_the,weignt_mqment is changed
by the acceleration-of the airplane. If "1inedar ‘hifige— -
moment ‘characteristics,of -the elevator are assumed, 1t
may be shown that the afiek.force requiréd'tp'make ;- Han
highly accelerated maneuver in an airplane"increases'lin—
early with the normal acceleration and that the force per
& acceleration. is independent of the speed, provided the
airplane’ is; trimmed for steady flight at the speed at
which the maneuver is made. Likewise, the moment exerted
by. a weight attached to the system varies ‘linearly with

- the. normal acceleration. A weight moment that tends to:

raise the elevators may therefore De used to lighten the
maneuvering forces. i el S

The elevator—force characteristics ~f the airplane
may be seen to be affected by the use of a weight mcment
in the same way as by a change in center—of—gravity 1o—-
cation, both-in steady flight and in accelerated maneu—
wersw. - The effect.of a welghy noment @iffeérs from the ef-
fect of a-center—of—gravity change only in.unsteady flight
conditions, in which the.moment'of'ihertia'of the elevator
system causes a lag in the motion of the ebntrol.




Combination weight ard spring.— If a weight moment
applied to lighten the elevator force is offset by a .spring
exerting an .pposite moment of equal magnitude, the net
moment acting on the elevator in straight flight will be
the same as if no weight and spring were present. In ma=
neuvers, however, the effect of the weight moment will be
proportional to the normal acceleration; whereas the .spring
moment will remain constant. This condition suggests the
possibility of combining spring and ‘weight moments - to .re—
diuce maneuvering forces without altering the static stabil—

Bl

It is obvious that many more arrangements of weights
and springs may be used to obtain some desired effect.in
any particular case. For example, the use of a weight be-—-
low the hinge line of the control stick may be effective
in increasing the stability of the airplane ‘in the climdb-
ing conditipons of flight bdut will not affect the stability
with power off. This type of weight moment may-also af-—
fect the aileron forces when the airplane is:subjected to
lateral.of rolling accelerations, -&ny general conclusions
regarding arrangements of this kind cannot be ‘'made, how—
ever, because their effects depend on the.characteristics
of the airplane on which they are used. ] T

Although any desired variation of stick force with

'airspeed:may beé obtained by-use” of ‘the correct weight and

spring combination, it must be remembered that -2 stable
variation of stick force with airspéed:is not the-only
requirement for satisfactory handling characteristics, of
an. airplane. Provision for a definitely: stable variation

i of elevator angle with airspeed has been found necessary

in order that the pilot may make rapidly accelerated turns

. without stalling or reaching excessive accelerations.. The

variation -of elevator angle with airspeed 1s not affected
by adding weight or épring'moments t0 ‘the control ‘system
but must be adjusted by using the correct center—of—gravity
location and sufficiently large tail surfaces. ; :

Al

tn.
3

TEST RESULTE &¥D'DISCUSSION-

.1 e

In. order to verify the calculated effects.of weight
and spring moments, flight tests were mad=2 on the Brewster
XSBA—1 airplane (figs. 1, 2, 3, 4). & description of the
airplane is: given in the appendix,’ The verdaition’ of ele—
vator angle with position of the to» of the control stick

is shown in figure 5, In order to obtain the desired in-—
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formation,. simultaneous measurements were made of the air—

speed; elevator fbrce, elevator angle, and linear accel—
erations. The control-position recorder was attached to

the control-.cables near the rear cockpit, but the: - measure—

ments were .corrected for cable stretch to Ziwve:the. true.
elevator angles. ' ' : '

Measurements of the longitudinal stability-of the
Brewster XSBA—1 airplane were made with the combinations
of spring-and-weight moments shown in figure 6 for- the
following conditions of flight:

Condition Manifold Altitude|Engine Flap‘Gear

: pressure : speed

(in. Hg) (2% (rpm)

1 : 5 8
Gliding |Throttle|—— : up | Up
e Losied

Cruising 25 6000 | 1800 | up | Up
. Climbing g8 6000 1800 | Up | Up

b Figures!7, 8, and~9. show the variation of elevator
angle, elevator force, 4and inclination of "the thrust .axis
with indicated airspeed for the original airplane.in the
three conditions of flight listed. Figure 10 .shows the
exnerimentally determined change in stick force per degree
change .in elevator trim—tab angle for the same conditions.

: These curves were used as:a basis for calculating

the stick—force variation with airspeed for the various
arrangements of springs and weights that were-tried. Be-—
cause the airplane had a high degree of static stability
in each of these conditions, it was considered unnecessary

"to use any arrangement that would increase the: gtability .

Instead, provision was made for attaching a weight that
tended-to raise the elevator.  This weight .was expected
to reduce the stability of the stick—force variation with
airspeed and to have the desirable effect of reducing the
maneuvering forces. Figure 6 shows how the weight was

.attached to the_control—stick socket in the Trear cockpit.
Four séries of runs were made, three with the weight in

different. positions to provide different weight moments
and the fourth with the maximum weight moment exactly
oEfSEL - Dy.:2 spring.: The magnitude of the weight moments
as measured by the stick force required to balance then
is given in figure 6. T :




Figures 7 to 9 and 11 to 16 show the calculated and
experimentally determined stick—force curves Tor the" three
sets of runs in which the weight moment alone was used,
and figures 17 to 19 show these curves for the weight and
spring combination. In each'figure, a curve showing the
variation of stick force with airspeed for the original
airvlane trimmed at the same sveed is included for com-—
parison. e

The accuracy of the experimental force curves is
limited by the frigtion in the elevator system, which
amounts to *3 pounds. The trim—-tad settings shown by the
indicator in the -cockpit may be in error by *1° because of
backlash in the tab system. The experimental and the com—
puted force curves are seen to be in agreement within
these limits of accuracy, with the exception that two of
the runs in the gliding conditdion show larger discrenan—
cies. The reason for these differences is not xaown, but
the measurements appear to be in error for these particu-—
lar tests. ' i o

In order to determine the reduction of 'stick force
in maneuvers caused by the weight moments, records were
taken of rapid 1800 turns at various speeds. Elevator
force and normal acceleration were read from the records
at representative points. Curves of force against normal
acceleration are shown in figure .20 for the original air-
nlane and for three of the weight arrangements,

“There is-considerable scatter; in the measurements
because, as the stall is approached, the stick force in-
creases. rapidly btoth in turns and imn normalt flight. 'This
tendency is shown in all the static stability measurements
(figs. 7 to 9 and 11 to 19) and is ascribed to separation
of the flow at the wing root at ‘:high 1ift coefficients.
This flow separation decreases +the downwash at the tail
and necessitates the use of large upward deflection of the
elevator.' .Even below the stall the stick force is prodably
increased at high elevator angles because of nonlinear
hinge—ﬁoment characteristics of the elevator. Turns made
at high 1ift coefficients will tharefore require a greater
force per g than those made at low. 1ift coefficients.

The scatter of the experimental points makes it im—
possible to assign a ‘definite shape to the curve of gtick—
force variation with normal deceleration, Theretically,
this curve should start from an elevator force of zero at
1 g and should approach asymptotically a straight line
through the origin at high accelerations. Only this

24
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straight line has been drawn in the figure. The slope of
this line shows the force ver . g acceleration required
in maneuvers. - : s e B &
The original airplane required a force of about -23 .
pounds per g. The weight moment of case 1, which gave a
force of "7 pounds on the stick, reduced the maneuvering
£ apans “to abpout 19 pounds per., g, .and that of pcase '3,
which gave 14.5.pounds on the stick, reduced them to about
13 pounds per g. The reduction is not quite so great as.
would be vpredicted dy simply subtracting ‘the static weight
moment from the original 23 pounds per ‘g ‘because  the
pilot more frequently made turns at high 1if% coefficients
in the region of increased,maneuvering”forces-whén the
stick forces reqguired to reach these 1ift coefficients :
were reduced. : : IR :

The fourth arrangement, consisting of the max imum
weight moment offset by a spring, gave the same maneuver—
ing forces as “the maximum weight moment without the spring.
This similarity-would be expected because the spring has
no additional effect in accelerated maneuvers, .

The experimental results all indicate essential
agreement with the predicted results. Several character—
istics of the airplane were noticed in the course of the
tests, however, that affect its handling characteristics
but that are not apparent from meaéurements of static
stability or steady turmns. . In the first place’, the pilot
regarded the large -inertia of the control system, when -
fitted with weights, as definitely undesirable because LB
the control stick was difficult_to move rapidly and be—
cause it ternded to overshoot when suddenly deflected.

Another undesirable characteristic-noted by the . .
pilot was a rapid divergence into the path of an outside
loop when the stick was pushed'forward‘gently and released.
This divergence ocecurred. with the maximum«weight”moment.
either with or without the springs. In order to study. -
this tyve of divergence, records were taken of longitudi—
nal oscillations started by. increasing the’speed 15 miles
per hour and releasing the stick. Figure 21 shows a time
history of such an oscillation. The amplitude of ‘the
oscillation is seen to increase slowly for several cycles.
Then, when a certain acceleration has been reached, the
weight moment causes the stick t2 move forward, putting

the airplane into a diving altt iguden

Such a divergence might Dbe caused by a condition of
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per;od osc;lletlon.m

statlc 1nstab111ty that s, a positive slope of the curve
of stick force against alrspeed The curves of figufe 0y
however, show that the stick—force slope for this condition
Is: deflnltelJ stable. The only other way that this diver-—

' genee ., cancoccu; is to have ‘the weight moment .on the eleva-—

tor greater than the moment reguired. per g normal- acecel-
evatxna in accelereted maneuvers. Because in. accelerated
“turns 1t was found that the weight moment was only =uff1—
cient. t0 reduce the stick force from.23 to 13 pounds per
2ael it et first appears- that no d1vergeqce should ocecur.
About 5. pounﬂs less-forée was reguired, however, per g
.normal acceleratlon in- push—downs than in pufl—uns fomaitidiis
alrplane. Tnis effect wowld dinerease the llKellhOOd that
the welgkt momen* would be .sufficient to cause & d*ving
ulvergence. Also, it must be remembered that’ the turhs
were all made at high 1ift eoefficients in the ranige where
the elevator force is increased because of larre ‘elevator
deflections. Probably the.force-per. g..in more gentle
maneuvers at lew 1lift.coeffiicierts woulﬂ ‘be smaller. The
dwvergence does not occéur ‘before:a .normal acceiera+1on of
about 0.5 z has been reachedsi The. frlctlon in t“e ele—
vator sttem ig"believed.torprevent much motlon of ‘the ele—
vator. untll tLlS value of acceler tion has been exceeded.
”he lonr—ner oo TR o5 o phug01dﬂ 05011‘at10n of the air—
. plane w1th the welght momenty will be noted to ihcresase
SN wly w1th t’me.*‘ On thel orlglnaf alrclane the “osicilla—
‘tions decreased slowlv withi tiimen. ,In general i b im be-
hieved .th at we1gnt moments temding to raise the elevator
will. tena Ko decrea«e tne 'stabikity . of the phud01d osicil—
1at10n.‘;Tuls tendency, ‘However, is :n ot regarded as serious
hecause the, nandling gual¥ties’iof an alrplane are not
crltlcally affécted by tnevcnaracver1st1cs of lts Yong—

t o

”:} Toa larae a welght momen+ tenﬁlng tc decress the

"elevator may cause Wndamped short—perloa osc111ations.

';“n s tvpe of 1nstab111ty is giscussed in reference iy

aclang mcment o hdwever,'should ‘have: na, eifect on ‘ ‘the
crt~cer10d osc111at101 characberlsths be ause the

force uhat ‘the ‘§pringyexert dces Mmoot depend on the ac—

'celeratfon of the alrplene..: o . L :

fchSIONs"T
b Lo CalCUlated effects of sprlng ‘4nd weight mo—

ments on lonrltudlqal stability, agreed with the results
of flight measurements within the experimental error,




2. Weight moments applied to the elevator control
system may be used to adjust the slope of the curve of
stick force against airspeed and also to change the ma-
neuvering forces within wide limits. Spring moments,
however, change only the stick—force variation in steady
flight., By the use of weight and spring moments in com—-
bination, these factors may be independently varied.

3. A weight moment is undesirable if it increases
the inertia of the control system to a point where con—
siderable effort is required on the part of the pllot to
make rapid movements. of the control stick. "y

4, Too large a weight moment tending to depress the
elevator will csuse unstable, short—period longitudinal
oseiliationg,y @ weight; moment in the direction that
raises the elevator will decrease the stablllty ‘of the
long-period, or phugoid, oscillation. This tendeney :is
not regarded as serious, however.

5. If the weight moment tendiné to raise the eleva-—
tor exceeds the moment reouired per g normal accelera-—
tion in mameuvers, the airplane will perform a rapid di-
vergence with the controls released. Because of nonlinear
hinge—moment characteristiecs of the elevator, this diver—
gence may occur from straight flight even though at the
high elevator angles reguired in accelerated turns the
weight moment is not great enough to reduce the -maneuver-—
imerforces to zero.,

6. Spring moments are not expected to have any effect
on -the short-— perlcd oscillation characterlstlcs of the
alrplane.

langley Memorial Aeronautical Laboratory,
National Advisory Committee for Aeronautlcs,
Langley F;eld, Va.
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' APPENDIX '~

DESCRIPTION OF THE BREWSTER;XSBA—I AIRPLANE

The XSBA-T a1*p1an= i's ad twc-p*ace, single— enrlne,

» m1dw1ng, cantlleve; mononlane with retractaole landlng
“Yedw ) For 'the 1nvest1gat10qs descrlbed 1n this “report,
the Cut outs 1n the flap were sealed to glve g conven—

~tionaTl partlal span split flap (flg 8l By g, 4) The
general 'specifications of ‘the alrniane follow ; iy

Name and type . AT AN PR ET Erqwster ASBA-1

SR R R BT PR F e P &S G R T R A

Rating:

Take—of f . . '. .y 950 ‘hp at 2200 rpm and "41.0 in. Hg
manifold pressure

Maximum continuous (sea-level) . . . . 850 hp at 2100
rpm and 35.7 in. Hg manifold pressure

Cewibingt. s . . ... 600%hp fat 1900 'rpn add 30 in. Hg

manifold pressure

\

Gear ratio (ungeared) . . . . LR E TR R T T
Trepeller . ., <« + . . . Hamilton-Standard coémstant speed
B gmctbieivtislis TRE B i e . SalChll s

b oSN . o . T A REROEEERG L, 8
LS CR e e Bl L) s el e el a et b Sl 136 gal
Oisl fe@paied bty Ll L e
V7 et T R R AR B &SR S R ¢ 1o L

HoREel e oRe e Rt (Secout]. . .. .4 o % 8w 5276 1b

S
A
o

Ny
0
Q
H
ct

Wing loading (mormal gross weight) . . ., 20.




O

- O

Power loazding (rnormal gross B HSEED S5 LY e G e BB lb/hp

Over—all’ height (thrust—-axis e el B, $at 2. L2t 2% 110

Over—all height (3-point positiom, to

SamE L ter it ipe ) T B0 TRl R BOERe. SEEE o & 298 in,
BRI M oamtn « 5. s, b bt be by ge e e o B AEIEERE 11% in.
Wing:

Span(.-. VIR RN S O RS R ST o A O R 5 o 8

Ares (including ailerons-and.29%-sq i
AR BLBEE) ©. v <o v, babels Beda Byt FUES HITFHEEREG ft
AipFoil sectisn; o + teohy NACASGYH.tapered 1S percent
to.11.8 percent thick
co T TRl R e U T T AR A
Mean aerodynamic chord 3 8313 in.
Distance behind leading edge of wing-at root . 2.39 in.

Beper. putio: N AT R R T ARl TS T S 21 2k

‘Dihedral, leading edge:of eenter section to

‘. leading- edge of  outer-panel. .. .. . "% .o o o . 4.5
S R Y A SRR S N L SR DL R R T TR R L o 58

Sweepback {(leading edge of WERg) S TR et e s e N o

Me vouminmiTdet laet o8 0o e NS el e e ey G e e e e e 67

Adilierons ;

R R R A AL 7 £t 2 im

Area, behind hinge line (each) . . « o » & ° 9.7 éq £

o
(o)}
(3]

Trim—tad area, behind hinge line (each). sq Tt
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Fin area (above,quelage,-ahead of hinge line, .

not ineluding balance area) ... o . . . ;. 12.1 sq £t
Rudder: ]

Vertical span (frem center line of

o A S i e 5% in.
Area (behind hinge line and including horn-

B@lacce aFas) .. . s +.0 s s g felsEll BRLE 8 £
Horn—balamce /8T8 o:'s s.a s :aca:v.0, s o .+ 1.5 80 £%
PRt al ares » .. s o s .s s s u s = #.m.p.e. v « Nome

Stabilizer:.area . (ahead of hinge line, not

*iinecluding horn-balance area but including

it espnEninedifupelage apes) . . . . o Jloamge . 30.6 80 £5

.Blevator:

R Nk S i W R, s s b e e dvitad 4 £ 10 An,
s Area (behipd‘hﬁnge.ling,"ipcluding horn—
PO IRBaR BROBI . . vo i .5 dihics, Lodh e b . 50,6 8q Tt

. Trim-tab area . . (8 G e e e et LR ., e T 8G T

()

‘Distance from elevator and rudder hinge lines . .

: ’ b
g Ng deading Mlse OB wANe o . poles e b8 L5 13 In,

. . - - . e - 4 - 2 =
ilaximum fuselage cross—sectional area

R e el e e kel LGS L8 80 ¥h

1 L lenb, Robert T., and Cohen, Doris: A&n Analysis of the

©.Stability of an Airplane with.Free Controls, Rep.
No., 709, NACA, 1941. . ‘ I e
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Figs.

XSBA-1 airplane.
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Figure li. - Three-view drawing of the Rrewster XSBA-l
airplane.




WACA

40

N\ 30

O
J
i
L fUE e | |

Q)

(@)
No

N

Up
&

51
L e o v
—
- | o
4
i | /
o | A
'g 0 ‘ | L
= | /
\ 1 | ///
(=

Down

S MO )

ORIV i 1

0 4 8 12 16
Stick position, inches from dashboard

Figure 5.- Variation of elevator angle with position of
the top of the control stick in front cockpit,
Brewstcr XSBA-1 airplane.

20

(@]




NACA Fig. 6 |
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Figure b, - Arrangements of weights and springs tested in

Brewster X8BA-1l airplane,
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