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NATTONAL, ADVISORY COMMITTHEE FOR AERONAUTICS

RESEARCH MEMORANDUM

for the
Aly Materiel Commend, Army Air Forces

FLIGHT MEASUREMENTS OF THE FLYING QUALITIES OF A
LOCKHEEED P-80A AIRPLANE (ARMY No. 4i-85099).-
LATERAT— AND DIRECTIONAL~STABILITY
AND CONTROL CHARACTERISTICS

By Seth B. Anderson and George E. Cooper

SUMMARY

This report contains the flight—test results of the lateral-
and directional-stability and control phase (including tests with
wing-tip tanks) of a general flying-qualities investigation of the
Lockheed P-80A airplene (Army No. 44-85099). These tests were
conducted at indicated airspeeds up to 49k miles per hour (0.691 Mach
number) at low altitude and up to 378 miles per hour (0.816 Mach
number) at high altitude.

These tests showed that the flying gualities of the airplans
wvere for the most part in accordance with the requirements of the
Army Air Forces Stability and Control Specifications., The only
ma Jor deficiency noted was the negative lateral stability with the
wing—tip tanks installed.

INTRODUCTION

Flight tests on a Lockheed P-80A airplane (Army No. 44-85099)
wore conducted at the request of the Air Materiel Command, Army Air
Forces, to obtain quentitetive measurements of the flying qualities.
This report presents the data obtained during the lateral—~ and
directional—stability and control tests. The longitudinal—stability
and control characteristlics have been reported in reference 1,

TESCRTPTION OF THE AIRPLANE

A three—view drawing of the airplans is presented in figure 1
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and photogrenhs of the airplane as instrumented for flight tests are
given in figures 2 and 3. The basic dimensions of the airplane are
glven in tables T and 1I. The normal gircss weight of the airplene is
12,000 nounds and the center—of--gravity range possible in flight for
various lozding conditions is 0.1G5 to 0.%17 M.A.C.

The ailsrons are planc hinged on the upyexr wing surface and
have no asrodynamic balance. The aileron control forces are lessened
by the use of a hydraulic boost system employing a boost ratvio of
15 to 1. The frictiocn of the aileron coantrol zs measured on the
ground during & slow lateiral movement of the stick (no load on the
surfaces, aileron boost operating) wes 4.5 pounds through the neutral
pogition. This value is greater than the 2-pound allowable friction
valus specified in reference 2. Figure 4 presents the varistion of
total aileron angle with stick position 28 measured on ths ground
with no load applied to the alloron surfaces. The rudder—control
friction was £8 pounds when measured at the point where the pilot
normally aprlies pressure. The maximum sllowable friction force
specified In reference 2 is 7 pounds. The rudder is equipped with
a csentering spring to ald in returning the control to the neutral
position.

INSTRUMENT INSTALLATICON

The flight—tesgt deta were obtained by the use of standard NACA
photographically recording instruments synchronized by an NACA timer,

Indicated airaspeed Vi was measured by msane of a standard
NACA free—swiveling airspeed head mountsd approximately two chord
lengths ahead of the wing leading edge on the right wing tip (fig. 2).
The airspeed values were corrected for position error dus to the
presence of the wing and also for the inherent static-pressure crror
of the airspeed head itself as determined from wind-tunnel teats,.
Valuss of indlcated airspecsd were computed from the airspssd formule
(corrected for compressibility) commonly used in the calibration of
standaxrd airspeed indicators.

TESTS, RESULTS, AND DISCUSSION

The tests were conducted at an average center—of-gravity
poaition of 0.240 M.A.C. at a gross weight of 11,400 pounds. The
wing-tip tanks (155 gallons each) were empty except for various tests
of the dynamic directional characteristics.) Records were taken in a
low-altitude range of 3,300 to 8,300 feet and a high-altitude range

Ry T
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of 23,800 to 35,900 feet. Tests with the wing-tip tanks were made
at indicated airspeeds up to 420 miles per hour (0.589 Mach number)
et low altitude and up to 358 miles per hour (0.767 Mech number) at
high altitude. Tests with the wing—tip tanks off extended up to
indicated airspeeds of 494 miles per hour (0.691 Mach number) et low
altitude and to 378 miles per hour (0.816 Mach number) at high
altitude.

Directional Stabllity and Control

Dynamic directional stability.— It was found from fiight
records that the airplane possessed both rudder—fixed and rudder—free
positive dynamic directional stability in all configurations and for
all airspeeds tested. When the rudder was deflected and released
quickly, it returned to its trim position; however, there was an
oscillation of less than 1° which required two cycles to disappear.

Dirsctional oscillatory characteristics of the airplane were
measured at two altitudes in the power—on, clean condition (flap and
gear up) by placing the airplene in small-amplitude sideslips and
then abruptly releasing sll controls. The dats are presented *n
figures 5 and 6 for wing—tip tanks filled, empty, and tanks off.

As would be expected due to the increased momsnt of insrtia, the

me jor effect on the perlod occurrsed in going from the wing-—tip—tanks—
empty condition to the full condition; whsre, for example, the periocd
of the oscillations increased from 2.6 seconds to 3.7 seconds at

250 miles per hour. No appreciable effect on the period was noted

in changing altitude or adding the empty wing—tip tanks. It can be
seen from figure 6 that the control—free oscillations of the airplane
demped to one-half amplitude in less than two cycles for all condi—
tions and spseds tested. The most outstanding effect on the demping
occurred in lncreasing altitude which increased the number of cycles
to damp to one-half amplitude. Removing the centering apring from
the rudder control system hed no appreciable effect on the oscillatory
characteristics of the airplane.

Static directional stability.— Directional characteristics were

measured by performing steady sideslips in the power—approach (flap
and gear down, 5O-percent power)} and powsr—on, clean conditions.
These dates are presented in figure T for tests both witk and without
wing—tip tanks.

For all cases tested the rudder—fixed static stability was satis—
factory in that rudder deflection from trim produced sideslip in the
correct direction and the angle of sideslip was substantially

- RESTRICTE,
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proportional to rudder deflection over the range tested.

For tests both with and without tip tanks the rudder—free static
directional stability was such that with the rudder freo, the airplane
tended to return to the trim sideslip angle and for angles of sideslip
betwesn *15° the angle of sideslip was subatantially prorortional to
the rudder force. No overbalancing tendency of the rudder force was
observed.

The amount of rudder—fixed static directional stability is
indicated in figure 8. These dete were obtained by rolling out of a
steady L45° banked turn with various amounts of aileron deflection,
rudder hold fixed. These data show thet the directional stability
was marginal at small aileron deflections in restricting the angle of
sideslip to the required value (reference 1) of 1° per 5 percent of
full aileron deflection. Additiomal information on the rudder--fixed
static directionsl stability is given in figure 9. These data show
the maximum sldeslip angle obtained in rudder~fixed aileron rolls for
full stick throw over the speed range.

Rudder control powsr.- Since there are no slip-stream effects

with this airplane, only small changes in directional trim are
encountered over the speed range.

In all cases tested the rudder gave sufficient directional
control to maintaln straight ground paths during normel take—offs
and landings.

The rudder was capable of overcoming the adverse aileron yaw
using epproximately 100 (allowable limit of 180 1b) pounds of
rudder control force, These tests were made by rolling out of a
45°%panked turn with full aileron deflection in the approach condi-
tion at 140 miles per hour.

Lateral Stability and Control

Dynamic latersl stability.— Although no quantitative data are
rresented herein, it was found from flight records that the ailerons
returned to their trim position when deflected and released, and the
oscillations had disappeared in less than one cycle. The lateral
oscillatory characteristics of the airplans have been dlscussed
rreviously under dynamic directional-stability characteristics.

Static lateral stability.—~ The variations of aileron deflection
with sideslip angle plotted in figure 7 show positive stick—fixed
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static laterel stability for all test conditions without the wing-tip
tanks instelled. For the same test conditlions the stick—free stability
was slightly positive to neutral. The magnitude of the aileron forces
wag within the friction rangs. With the wing—tip tanks installed both
the stick—fixed snd stick—free stability was nsutral to negative for
the various conditions tested.

It is difficult to maintain steady flight laterally, particularly
at low speeds at very high altitudes. The conbrol difficulty is
increased with the addition of the wing +tip tanks. This effect is
partlelly atiributed to the neutral to negative dihedral effect of the
airplane and slso to the poor centering and trimming characteristice
of the aellsron control system.

Rudder kicks (aileroms fixed) were performed in the approach
and powsr—on clean conéitions. These data are presented in figure 10(s).
Data from rudder kicks for the wing-tip—tanks-—on condition are presented
in figure 10(b). These data show that adding wing—tip tanks results
in an abnormal rolling tendsncy (i.e., right rudder deflection
produces leit rolling velocity). This negative dihedral effect was
not considered particularly objectionsble to the pilot in normal
flying of the airplans because large angles of sideslip ars not
obtained under normal flight conditions and the ailerons are used
exclusively for raising a wing.

Alleron control power.— The aileron control was investigated

by performing aileron rolls to the right and left with the rudder
held fixed in its trim position. A time history of & typical
aileron roll is pressnted in figure 1l. The variation of _pb/2v and
aileron control force with totel aileron angle is presented in

figure 12 for the power—on clesn condition including tests made

with the empty wing~tip tanks installed. No pronounced reduction

in aileron control power with increasing Mach number was evident in
tests up to 0.816 Mach number. '

The date of figure 12 have been summerized in figure 13 by
plotting maximum pb/2V limited by meximum stick throw or a 30—pound
stick force as a function of indicated airspoed. These foregoing
values have been plotted for average altitudes of 5,000 and
35,000 feet. It can be seen that the values of pb/2V obtained
ares in excess of the requirement of reference 2 for the low-altlitude
tests, but are less than the requirement over most of the test range
for the high-altitude tests. Although the dsts in figure 13 show the
pb/2V  values for the high-gltitude tests are approximately 0.025 to
0.030 lower than the low altitude tests, it should be noted that the
total aileron deflection cbtainable was correspondingly lower for ths
high-saltitude tests. Addi the _ wing-tip tanks produced only a

!t
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smoll decrease in pb/2V  obtainable.

The variation of rolling velocity with indicated airgpeed as
limited by full stick throw or a 30-pound control force is shown in
figure 14, The maximum rolling velocity obtained in these teste
vas 165° per second at 35,000 feet sltitude. This maximum rolling
velocity was approximately 30° per second grestor than the maximum
lov-altitude value where pb/:V wes adequate; however, the airplane
did not meet the pb/2V requirements at high altitude. Although
this might indicate thet the pb/2V requirements should be less
at altitude, it ig felt that, since no upper limit on rolling velocity
has been obtained in the opinion of the pilots, the greater rolling
velocity at altitude occurring for a given value of pb/EV can be
used at the discretion of the pilot.

CONCLUSIONS

From the results of the flight tests the following conclusions
have been made in regard to the flying qualities of the Lockheed P804
airplane.

1. The dynamic directional--stability characteristics were gatis—
factory in all configurations over the spced range tested. When the
filled wing—tip tanks were added, the period of the oscillations was
increased by approximately 50 percent at low ailrspeeds.

2. The static directional-stability cheracteristics were satis~
Tactory in sideslips. The rudder—fixed directionmal stability was
marginel at smell ailsron deflections in regtricting the angle of
sideslip to 1° per 5 percent of full alleron deflection.

3. The rudder-control power was satisfoctory in all conditions
tested,

4. The dynemic lsteral gtabilitycharacteriatics were satis-
factory for ell conditions tested.

5. The stick-fixed static lateral stability was positive for
all test conditions without the wing-tip tanks installed. For the
same configuration the stick~frees stabllity was slightly positive
to neutral, With the wing-tip tanks installed the stick—-fixed and
stick~free lateral stability wes neutral to nsgative in steady
sideslip maneuvers. A negative dihedral effect was also shown in
rudder—kick maneuvers. These lateral-stability characteristics
combined with the poor trimming and centering characteristics of
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the ailerons msde it difficult to meintain steady flight latersally,
particularly at low speeds and high altitudes.

5. The aileron control power was satisfactory over the low-
altitude test range for the tip tanks on and off conditions. At high
altitude the valuss of pb/2V were less than the requirement over
most of the test range; however, the total aileron deflection was
correspondingly reduced at high altitude. The maximum rolling
velocity was 165° per second at an altitude of 35,000 foot,

Ames Asronautical Laboratory,
Rational Advisory Committee for Aeronautics,
Moffett Field, Calif.
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TABIE I.- BASTIC DIMENSIONAL DATA OF THE TEST -

ATRPLANE, LOCEKEEED P-80A ATRPLANE

Ttem Wing Horizontal | Vertical
tail tail
Area, 8q Tt 237 kT 22.h
Span, Tt 38.9 15.6 6.5
Aspect ratio 6.39 7.0L 1.89
Taper ratio .364 .366 10
Mean asrodynamic
chord, in. 80.6 - -0
Dihedral of
trailing edge of 3.83 o] —_—
wing, deg
Incidence of root
chord (with respect 1.0 1.30 —_——
to thrust line), deg
o 1.5 waghout
Goom”tr;_g twist, from root 0 0
8 to tip
Root section NACA 65;-213 (a=0.5) | NACA 65-010| NACA 65-010
Tip section NACA 65,213 (a=0.5) | MACA 65-010} NACA 65-010
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TABIE IT.— DIMENSIOWAL CEARACTERISTICS OF THE SURFACES OF THE
TEST ATRPLANE, LOCKBFED P-80A ATRPLANE

inboard and of

elevator) area, 0.51

sg £t (total),

Ttem Elevators Rudder Fleps Allerons
Area aft of hinge
line (both sides), sq £t 8.5 5.6 30.7 17.5
Hinge-lina locatlon,
percent chord of fixed [ 5 (7] ™
surface
No balence; None, plano
Booat tab plus redivs noge on hinge on upper
gpring tab; radius rudder. Rudder wing surface.
Type of f£lap end nose on slevator. has centering | Spllt, no| Alleron control
balance Static and dynmamic gpring. Static | balance gyatem has power
mass balance. and dynamic toost. Btatic and
ma8s balance, dynamic mase
balrnce.
(o)
Travel © up, 16° down 15,5 1eft and { poyn 45° | 41,5° total
Vo 37 wp, 15.50 right ) 5
Trim and boost—teb
area, 0.5% 8q £t
(total). Boost- Bent tab on
tab ratio, 0.33. trailing cdge Trim teb on
Tabs Spring tab (on of rudder. - === | left aileron

Noto: All moveble surfaces are metal coverad.

w2Lly *oN WY VOVN


http://www.abbottaerospace.com/technical-library

NACA RM No. A7J2hk y

FIGURE IEGENDS

Figure l.— Three—view drawing of test airplane.

Figure 2.- Three—quarter front view of the test airplans as
Instrumented for flight tests.

Figure 3.-~ Three—quarter rear view of the test airplane.

Figure 4.~ Variation of aileron positiorn with laterasl stick position
as measured on the ground.

Figure 5.— Variation of period with indicated airspeed for various
test conditions. Power-on, clean.

Figure 6.~ Variation of cycles to damp to half amplitude with
indicated airspeed for various test conditions. Power—on, clean.

Figure 7.~ Characteristics in steady sideslips. (a) Approach condi-
tion, Vi, 139. hp, 8,000, Tanks off.

Figure T.~- Continued. (b) Approach condition V;, 156. By, TsS00.
tanks on.

Figure 7. Continued. (c) Powor—on clean. Vy, 15k and 254, hyp, 8,000,
Tanks off.

Figure 7. Continued. (4) Power—on clean. Vi, 154 hy,3,800. Tanks on.

Figure T.~ Continued, (e) Power—on clean. Vi, 35L. by, 8,000.
Tanks off.

Figure T.— Continued. (f) Power-on clean. Vi, 343. hp, 8,500.
Tanks on.

Figure T.— Continued. (g) Power—on clean. Vi, 436. n,, 5,000,
Tanks off,

Figure T.— Continued. (k) Power—on clean, Vi, 247, k,, 35,000.
Tanks off. }

FPigure 7.— Continued. (i) Power—on, clean, Vi, 249. h,, 35,200.
Tanks on. B

Figure 7.~ Continued. (J) Power—on clean. Vi, 300. hp, 34,600,

Tenks off. _
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Figure T.— Continued.
Tanks cn.

Figure 7.~ Continued.
Tanks off.

Figure T.—~ Continued.
Tanke on.

Filgure T.— Concluded.
Tanks off.

[ . NACA RM No. A7J2k

(k) Power—on, clean. V;, 297. hp, 32,700.

@)
)

(n)

Power—on, clean. Vi, 335. hy, 31,400.
Power—on, clean. Vi, 358. hys 27,000,

Power—on, clean. V

1» 378 hy, 27,500,

Figure 8.~ Variation of sideslip sngle with aileron deflection as
obtained in rudder—fixed eileron rolls from U5° bank position.
Power for level flight. hy, 8,300,

Figure 9.~ Variation of sideslip angle with indicated airspeed as
obtained in rudder-fixed ailesron rolls. Power--on, clean.

Figure 10.-~ Rudder control characteristics, (&) Power—on clean,
Vi, 146 and 440, hp, 5400, Tanks off.

Figure 10, Continued.
Tanks on.

Figure 10. Continued.
Tanks off.

Figure 10. Continued.
Tanks off.

Figure 10, Continued.
Tanrks on.

Figure 10, Continued.
Tanks off.

Pigure 10. Continued.
Tanks on.

Figure 10. Concluded.
Tanks coff.

(®)

(c)

@)

()

(£)

(8}

(h)

Power-on, clean Vi, 420. hy, h,500.
Approach condition. Vi, 150. hp, T,700.
Power—on clean., Vi 2k3, h,, 34,800,
Power—on, clean. Vi, 2uk, hy,, 35,900.
Power-on, clean. Vi, 310, hy,, 32,000,
Powsr—on, clean. Vi, 303, hy, 31,300.

Power—on, clean. Vi, 361. h,, 27,200,

Figure 1ll.— Time histor: of a rudder-fixed aileron roll. Power-on,

clean,
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Figure l2.— Ailsron control characteristics. Power-on, clean,

(&) ¥y, 153, 197, 248. High altitude. Tanks off.
Figure 12.-Continued. (b) Vi, 250, 286. High altitude. Tanks on.

Pigure 12.— Continued. (c) Vi, 293, 366, 387. High altitude. Tanks
off.

Figure 12.— Continued. (d) V3, 150, 196, 273. Low altitude. Tanks
of'f.

Figure 12.—~ Continued. (¢) Vi, 198, 271, 344, Low altitude. Tenks
on.

Figure 12.— Continued. (f) Vi, 348, 392, Lbl. Low altitude. Tanks
off,

Figure 12.— Concluded. (g) Vi, 463, hoh, Low altitude, Tanks off.

Figure 13.— Variation of pb/2V and aileron angle with indicated
ailrspeed as limited by control stick position or 30-1b control
force. Power-on, clesan.

FPigure 1lh.— Variastion of meximum rolling velocity with alrspeed as
limited by full stick throw or 30-1b control force. Clean
condition.
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Figure / ~ Three-view drawing of fest airolere.


http://www.abbottaerospace.com/technical-library

e gal

\YS\

oY RS Yt e -

”fr r.""r'n“*' T*|1 o "'” N 'W‘P e " AF T lﬂl]ﬁﬁ | Ff'T"WT

'l
R
.'|~_ P

.| ﬂtg Aasm‘; i!i-':- :.

Faure 2. Three—quarter front view of the test ajrplane as lnstrumented

for f£lisht tests.

A I llmmm FDR AFROHAUTICE
FIELD, CAXT,

TION AL ADYR-UR
AMFT AERONATTICAL LAWRATVRY — MOVFETT

WelfLly "OoN WM VOVN



http://www.abbottaerospace.com/technical-library

N.A.C A PHOTOGRAMH
NOT FOR PUBLICATION

UNLESY #STHORZED BY
NAHONAL ADVESORY CONNMYILE
FOR AERONANTICS, RAR!E aal i L ¥


http://www.abbottaerospace.com/technical-library

& B —-
1 1. .—-;|Li‘l.l"l|}.I|l- -'_a'."'-'lm_qm

o

Figure 3.~ Three—quarter rear view of the test ailrplems.

e m—— T

—— i .

Iua- ,

- rm v

NATIONAL ADVIRORY COMMITTER FOR AUTICH
AMPF AFRONAUTICAL LATNORATORY. ~ MOXFETT FIRLD, CALIF.

h20)W CCN TR WNEN



http://www.abbottaerospace.com/technical-library

A A C. A PHOTOGRAPH
AUT FOR PUBLIGATION

UNLESS AUTHORITED BY
£VI0NAL ADWSSORY COMM::1E
T2 AEKONAGTICS, WASKMICT(N. b."


http://www.abbottaerospace.com/technical-library

AAHLA su

S . ovp e

NU Al des

-
par

Ly



http://www.abbottaerospace.com/technical-library

. o . i . & PR Y . . P - -
. : : - R .
| BR Mo |7 H i) N . r
i L I A AT EHE G R R i T TR T T HHFEEH !
|- 14 l -1 o b S F LH | BENN o - L] E - 44
TR R N THTEE L e TP EE S LT E s G A R R Tk i 1 i ; !
i T A T HUH R T T LR P 3 (e EHA : T SITHE THHT =l o
. . . ] HHEE TR H U E L Rl L p L LT =
Mt [} ; FA TF - w- - Ie t H H THH - I i3
. I : i 1 HHIT Ky ] 141 T i J
" X ﬂ-. . NER 2 | X N 8 H Fu N I 11l A i v N w
i T ST EHI g T AR RN
. ' P g - s 4 E - & LLl ! A THTEN LN T -
il 7,1 ! it : i N 4L NE SAEEN N n | )
HHE i I R H T ! 3 T N L E
bl M ‘ | n His i L LU FETIIN G EL nu N W
- L T
_ . 1 T i
| _* J : | : _ | AL ) L 8
. -l .Wi. rl L - - L. b ' - B < o 3 >

s

i

NS §

L %

1 - : - HH i 3
ST [ T FE: : H T HTTTHT
i 1] T R A FHi T E T FLE AT
STTE I H - - 4.
. ] CRTHNNTETT I : IGTHIG S 3 T : TERTITT : 7
{ HHIL rr:r .m 4 Ll HT L L J HHH 1. FL 43N ' 11 ...nL“. J i :
B - r || - H
THHIETTHIN TR T 1. ik 1T ) TR TR HH
. . Rl e A dL T i
ST H TR i : : g ' AT g
i EIHE . : STHIETT : . I

| O by
n
§ I

Iy

e
LA L Lt T T T L e PR
S AE LA AR AR A s S A il

_. ¢ P 1 L J - b
i . I EndBeils I - ¥ ] " L __ ]
1 ! G UM E (LR BEEAE LU R LR R T il ]
an : _ HoH HHH _
- . | B e B ; ; | i
- a n Al _ ~1 _
I

L
7

g

R =iy §

2

iR

et

| R _m__ “.: m | fint
TN 1t HE HHRE T L HHiL it

. NATIONAL AD


http://www.abbottaerospace.com/technical-library

, . v . . Lo 1 . d
v . S . - i R .
BREYNRN L wpa T n ’ T [ T n ne . [
- L. o -4 a | e |3 " LL]- - . | . AN ag | o | k| S
shipiflihie It Hys! FEEA A B LR R R T H HEEEE CH T T i A LT K 1 :
LTI O AT TIT pyEN N TR BN [ MES . NuREN ) ] " LT i N
LR P SRR R R PR 1 . § ( FRE ! . 41 NYNEEURRAANN] § L .
AT R R BERE AR 3T 1R PR bR e b L ek L TR (I 1 ol
Binudin [ ' ] kKl FLEL JEH T T N 1 LriEn LI e T JHIf i
NaEnEs k) sepushpanis whkndnups IbaaqEldv ! TH L E A TR i PR Hirmi L1
auy : ] e X T " e
T R e R Fe H e e e R T R N e RN it
. RER. o 4141 kb 4= - -H - - bolel _plr 4} 1 ] 1] 11!
nusakigy RNy L EH LR TR AR e R b A LH TR S fiREn b | i ¥ 1
T LT B L jam : i L T e L 5 1l i ji3iks 1
4 Hu aaquAgiag T HITH LI EE A %ur Loy fEYRALS . 11 na g 0 " [ _Jac
o ARMEER H oyl 'R : ! hi aRERkIEEaA IR 1 i % |
LI T EELE Aghddgiia M BT 1 [1 AN [ : - e R LS 1l N i
FEEA | EELE k e et e LR R et e r 13 ._ Ay S Tk ealed 13k y ..f”r. \ ._ “
O TR T E CEFTT P P EEL L | L1 [- ) : TN - RN 1 ) _M_
TR e b e B L L L il ! : L LR L i :
)
A SR R R LEE IRIERE ' i ] ¥ LT H ‘ Hir e Lk I v,
Co P FE e FEFE R ET e CELE L X i y U L Tl . : k - 11 RyL LA T2 x|
TR e B AR e e EARRSENT Ank R } LIHAT I b . L LN M 1
LR AP Ea R R e R LN WA A T L4 TH T i T T L 1. ! TR I _
REN M TS T yRREN T [ ] T 3 (T " 1 X 1 T ¢Dn
Kaill | e EH anannl I i LB 1111 : )
RS igEdnuad ilanu R4 Anayukedaiid k whdgand J TH ] A FLLH | IR E .
B | FPAREHER . b [ A4 - o - g EREVE 31 L o L| . ] [« .
SR TR U7 B R R HHHH CEEE L LT 3 [ L H HE AL N
B SNEE RN L nR JE4 ] 1L A 1 L b N n
T T " y up Tt , - . I T He
BEE ks A HEE T e e R e A e B TR TN NI LN
e f 3 N o4 Rl n e RRNEN - X B 3 NE
L [ e P T T e e T T t ] . TS
T4 A S E-ED TR NN LT |- _. SRR RNEN [ N /n
“INE . Ny 4t ) JH- WEEANNURN P " X 1) ) i N N
A H P U 1 R ST FEEF LT L e H HH - L YN -t
r L 1 AT LT =L I TEHA T ; _ i ' ._,-Hn
1. 1. il CEH | T ) - : - i e ik He it
I HHERTE i R T i : iR
1 HEREA ARsdpaulyd L . - | \ Aft N |
N N kbl .. | | r ] B - ] H .__ _v
13 SR T X 1 11N I i s 1 A MM
41 . HER 1ZRS - a LI - L b A LERA X _ i
: A L b - 11 - LHHE R 1ETH 1 : N '
L L AIHH U EETH A H T CHLH . 111 sfix L 1 i T Tr... " w ik
i TR T HEH TR T B R TR il TR HTTTTRIN 18
X ; JEHH R HH T L 1 JHHHE T 3
] | o =] =4 F ey o] 43 N | - o - i ++ -1 ] = - bt} 4 ”
- H 114 ® L T FF . NERN L] b & g -] ERNAN - L LR A - .
| Ll Tk THH H R EL ¥ i 1HHH i) 1L HE Lt | e F MY
AR R VTR R e R L bl HTHETT L T I
T H T L e R 1 ] £ L H R R Al T H _ :
P - o 1 H L 8 v 1-1-1 4] LR ) ~{ -} -1+ i
11 HTTTTHTHH i HTHE y Ard _ _ __F
9 th L : ' u 1 : : i Al
N...f HTH TH 1 : " P E FL AT o [ wn. q rii 11 .mr i '
m - T L4 L. Lt L an
. ! 1 N
4 N ) | ] . i k _.nuJ
ST ] ) . LY ;
> . | _‘ . 1™ |
UHEHTTH ‘ i | _
i ¢ _ L 1 ] _
: B K _ IHUBIRHE _ | b 1 I Ol ERERREIIN! a1k

¥

1L



http://www.abbottaerospace.com/technical-library

-

{1 X
I I ERE H. \
, L ; 3 -

) . y iR 3 THT

a rl 1 el N

o d
e

™
“-“““"""L‘;'-"'T‘

W e e

DS S Ey

T

S A

e ——— e -

p.

'.‘I-'-r—-r'

s ol §

T

4

N

FrE

}_'Cl‘

7

o ey ]



http://www.abbottaerospace.com/technical-library

' . . : C e
- . v

LHTRTTHL P HEH A e ﬂ_ LA SR O E R L ..}H.r... -w-...; L HHET .H-L”. “_ LA EEH TR E e a] fuasas }
NEN Ll - 4 L1 He| 1 141 . 1 EE X H {4 r Bl rH-1 = |-F winnkal . ral . kann THE i : i i :
TR L HIHT LEEH R T T L | PR P TR L | A T A s e LA TR U LA ER HHHEN |
T T - TR T T REHTRT HTH ﬁ-.. TR THS
| R R T ST TR TR B e R e R e B R e T
T ST eI e I B E W T R e s s e e T TR T T
L L......_ AH [TE mw - U HEH ER U RO A O T B I E | ERETEET] D ) |
1 L : - » . “u.;.}“ EEg 1 NEpN NENENN ] YRR ._ X [ - 11 Ny M1 s H. . N .
HTE W btk R R R R IR | R Rt M il ieitise
TR T SRR M JH Lt |4 mnx...u.u HHE RO ﬂ 1 Lt HIE \( ! armL . W £l
T T HH : + H n...: .“ : “. : |_. NE =TT CITEEL » e T 1 T NER )
epdaixtay ehaqunsqurnpntizand] aayangn onaats 00 T O A H HEE g e T u,m TH T L il HT
S . : n i : RNERELS s HIl 1 . S
A S H T A1 EHETR U FEPH S PR e LT LT TN (IR ”
L st bt Rkt e e R i S Hega HH “
R e G TR TR R
T R A TP HH ..:_*r m.;. L L HHE L THIF Hi H .,..“ i
RUNY ! ...!.l.l...“ k-4 r.. 1 __ ) ] ! f4 4 L 4 .w” s . A
S PR e L ] ; a _ {1 T 1 Ut e
FHAH AL HEE A LT H TR R H LT LR 1 | | ! L & _“T Iy LT
-..M. | AT TEH T L HAEER HE I 1] _.1_ AHATHTH BB L LR AT R HTH
VI ERE ﬁ ] THLE HATHE T LR B
R WMBLEHIRET ATTHTEHA T L LT AT rﬁ il LR ah AL
o T ..“u 4 T -_ TH11 HTHREHLG 1] T TH | ]
A TR L R R B T : 1L M _ I X _
ik : KT A il LR HE h I HIH L % L Vf
T 1L E[T H dk ) ekt HHE + _ ;
H _ LR T R A EE TR R B | | E i ! ] i
TH T HHTH THHHIEHY . __
| LT wu 1. b A I n..u. 4 ;Mouu 11 i | i H 1 \m. __ |
il i R it _ Ll
il i | N
s BEIEN] P,f y 1.\_‘_ AT T SN M“
H erm) \ . \ \.. _ “ 4 m 1 : va. 1l
i ! L i g .
\ATpT — 4 . ) M @ m _ﬂ_ ! M N
& AT A i SHUINE

Py
KA L

Mp—— R
—

o

-



http://www.abbottaerospace.com/technical-library

:

T
()
T
| S
=i

T
+

1
T
N S—
t
1

i3

T _

.—n. - L] 1 FH M S ] it A ._ "_“

- T 1 S D T

A m L e R R R e FTH L i “

.u 3 N ‘ "N " L r-“ 1 +
AN , : TP TR 1 ;

HEE TR 1 AR i THIHHE * Ll B i
.«.._A-.w. ; 1 Lt r"4 i1 . b 4 .
TERRT 2 T ! 5 THHD ] | .

:_.. Tia H. 1. h i M u..iT LH1H | .E.. : ]

- b A o 3
i L] F IHEEA T L R R 14 1 .

H : 1N afestadtisiis 1y 1 , : - _

-
T
LR

U AL St

MALUA fwa N Wl

o} : HIl .
T i i 1 ] ekt FAb b 1L K
33 v H T L] L T MEf Wil T f ..
FrH HE § W HH AL 1 N BN _
A s :
i .»r,_ s e RN EH o dEeiiett] haMalata CNEPE T R

EATEY SR ETEA] R A R T w
1] ._._, : AL 11 P e )
s .T 1 FHH M At U e a1 »
..+,r | R FHLH i T TR

1l ik M il AR TR
sy ity nEypEAs A 4 g i
y T L T E Tt 1
A L r..m_r : i , T T ]
o L1 . o e B -1 [} S ikl .4 |4 .-.l Lot REAR 4
#N rL L A L | e P
ERART e R SR T T AR LR i
TS T -!_pm.. ,_. FEEre ,.ﬁ.yj...: HHIEE 1 .
_ T RE U : ST R AHatlile i
F T S | TP e 1 |
" £ \ ! i . - Tt 2 H +H = 1L |-} <] ki1 b - flq v
! T L R e PR B N EH R e R L AT LR
,rt T THIL AL T T N . pasi e i
HA L R EE N g F PRI B SIRTARNREEE M Ex sy (ARRRARNECARANT e
| LT 1 i R Y J”._ A1 1 | i H
f T - u - 4 NYRYN = el ju kL 4 1A LIk L’
GRS SIHETH I T T T R R R T
{ i B ' ' \ AEERN REEA tid- g L .-....| 113 R . j
T § . FHTH ] T T BT A T +
1 I f i ...,..,-‘_.”.....n..m_ ._.m/._._”.. B Rhirighd Reed b «..., T
AT e LT e
.ﬁ I
i i 1
R
b-{-| ¥
. L
m _ﬁ
1 ]
: L
1 _ bl E



http://www.abbottaerospace.com/technical-library

TEIMAANIR ST IYH I HHIBAL : TTH T ; T
w_ m m: | | :__ HH AM L f W _ it I :ww.x_ﬁ
_ m. Tt ! S m _ L T ' uﬁ M 1 _ :_._
; Tt _ i HITTHIH i T “ L
hrjww h,. W‘ .._ HEH L3 HH R “ | HIEHTTEH 1 @._V.._ _r
J : A ' :
"_ | ; - _ ] \ L i . " {1
! o i ! T a1 ! +H .
il N m L “ itk LRl ﬁ
It I i | T
Ll N w. 1 . _ , 1 R
N . il nHiG
w. . It __ will F“d_. M I 1
R AR oot s
[T et R
TR 1
| TR S
I IR r
\ : m
il A N T
it h
[
Mk
TI : m
i M m .,un_.:.r__
| il CSEHH i
i A I |
w _, | il
] HT

S o e SR Y B

Y

PO |SRSEY SR Sy Ph—

=

-

— o — ]

b
Lo T

Map———

f

B N LT


http://www.abbottaerospace.com/technical-library

S

—

———p

roriet
wa l

[Ey S R

"

T

T

—- -t

P R B et iy

H

b

e

L3¥ Malply

i .

T

b _.“ i ,

| i !

08 ARG |

i -t | ii8
w. _L i 1 i
it Tt b ML

—

— -}
=T

M Nt (.

i.-

e e

L

e

-
-
s

pongli pwpindy apeming! Ay} SpRDRS: S

=E

e & W

Rl R SR SRR S

P

Rl
i
I
.x.xf
“..:
IR

==



http://www.abbottaerospace.com/technical-library

Pt
[N X 3

13

{ IS
| R
N 1, :
1 o M B
!
..m .
i [ I et i J,
- ML I b
i el i

e«

VRN WA,

1T
=

I

——F-

.'94: -
[ 2 = o

. Iy, o

e e

-—— b —r -

R, Sty B Rmetr S BIOT

: P . 1
AT e AL
1! . m # _ ”.m
| | il
‘ol ..___
it



http://www.abbottaerospace.com/technical-library

T

s N

T

S St

gt
i

e e
S e L O

-
——

LS oz sy e

b

—td

-

o it et ——

i |

Yt

T

=T
i

RSP ' iy ma

e

[ <.



http://www.abbottaerospace.com/technical-library

S T

-

Pmaie o

—
X

i P

P PO e o nig WSt s

Pl

e

sy
=

—-

- —T-

S ILy,
-—':-4:-—

-

ey s s

s e

SRR
e et

Tad AT

— —

—pr g b=



http://www.abbottaerospace.com/technical-library

|

WA R m
I T L
IR i il
R i
LU }
_ { ~ m it + ' bl
_ : . ? T N
15 I~ m . i by
M . i i 3 i
T il R HHA '
o PRy N _- b 4"1_0f m W _...
il RN _ iy LI |
i i ] B H _ (1 ] _
~ { . m“ ! _ ! s _'F. ﬁ. . ;
T Ty ¥ i T 1 TN N i | .
m . m Em_:. .:_L._ .: " ! : ikt il H
e AR ot ' 4 | -
1R et A HT s %l o
i A o s,
._”._ i ! ” H
' 2l Ty
_. I ! gy ..q*. [ __.....
il LAl " _r_
S LT f ; :
it ! _"\_4 't i m
v i raR RO R 1t
E_:__f_.wm i il
TR IS I
I N HIN | i _F

——

SRt et W ST SHB

-

/3

S T

2.5 S At e pat £ 5%

}
S

bt

o e

Y - -

N



http://www.abbottaerospace.com/technical-library

RN Spniat:

T

L S uOuns i st 5 g oy

[ fyst g lon

s g

T

Ry e
ety nutiu

ity

T PR e

g

T

- -

VO, S

=

R S e e St

s dd it



http://www.abbottaerospace.com/technical-library

L

—
Tr—
Li —tt
TT -
o
T
L
— ]
T
T
T
rma o 2
Lty LI
N
—Ir —
T
= T
1 - —
y T ; T
" =T

i - r . o el :
» p— L} - T
e 4
- L T T
b~ -~ _— - = 1- o — T
n il 2y “'] 3
| =~ - [T T
o - ——— > £ k3
apuny) Spos Sinpim— Sl T
1
’-—-v-—o——._. -
Y Sl sty
‘--——-. —— —
_‘.-—.-!r- T -
— v T
—— ral
Lol b
4
I
1
rar
ym

——
b — - 0

— — n
_....i..]
Pl
Iy Vot

=3 T "
- = —T T o plnie - T :
o y A W S y - ]
Tt L = o —— — amf o — I_ ) .
fadk y 2 iy TLHE
= e Z EEEEEIES
il : F- -3} 1 3 ] x AW 2
m— | L — - ——— -
P — T F—x e T
- o 0 YT P i} r " e = — =
i = ¥ Y 7 o' S AP P A7 ¥r s o8 -
— -} - —_ _..Lr-_..._ — —— e
i T +— L . v T -
o = o = — 2 =
1. - [y -
V T o AV B Ao S ¥ i ¥ ~—r by ———a———i= -
- : y a— 4 Z % VA A v r e ) B > —1
1= et La : I A Wi
[ S s HILAP B =
- y20 T T o
A 3 ‘
-l I : > yini -
n Ty r R ¥
pare T : R oL SR : —* T T v s



http://www.abbottaerospace.com/technical-library

RN

—— A p =] - 5 - T L i I A Y 1 T A e T
PP ulubr Syluimtt e [ L = - - : — - .
= <
T - T T 3 -
Eorl Sevant 5
- — b T
T T T o —r T -
T+ T
= = — SE e
- T J Amurmg " — - —
pp— — Tz - —t — = -
T — I 19 )
— - - - ~ - T 18 W e T
an T TE=T T
- | T
- = rl " A ) v + 11T ry
[— 1 r oy e T T * T T
o ] ~ < ma 0 ¥ o0 : T
—= — S B = -
. T ; T rem
z e 17 — —
e 0 : £ T 3
it Sy N . iy - t et . r ——
1 . L. LI e Li_ k1 12
e 1 — n = - ; —1 T -
— — — — - — T
ZY d RCE LI 1—+ T
: 17 T =T rary T I H
2" o T o
- X i T T I ry
- T T L n LN A LR " > put'y
- - - T ey Eniley =3
= : -+ o o T T o 3 ; i T
= 1
— T n
" - - —— o : — = M e o
] — < T -
b s o : : T : o
T . o ol - - — - >
¥ = = TN inpuyy ; ST ~
U"Lr - =
e - + —  }——}— - 2 —
x [ ety T - - 4
X
w— a2 g
- - s
d i:.i TG+ — 2N - T
L% gl 1 4 L1
_ﬂ.,....-.' —f ]
3 === :
= wy T
— \ e — i T
N = 1 9% &
"
s
T : s
———— el
S —t -
"
- 1 s
y do
»
- e
2 =3 i woiy
—
— - ¥ S o] 2.
V=W - ¥ A -
- £. St \.._.1€
i Tt o
I i —— » —
iy ~ . —r s



http://www.abbottaerospace.com/technical-library

DAGA 1 »o Alde -

—r L "
- i o - . — i ——— it
P . T o
s : 5 t FAET ;
T
— v - i N - - i Ll
— + -+
= o T — -
] ~ : T 0 -  — D T
I S L - ' + lams
peiny : e WM B3 PRaarsl maren Tt ren T
: - 3 s s
- — - — et - =}
:-—- 3 T l. T — " g, ——- I
= - - - —
T—— I n D 2
- = T - L T *
ol - : iy + T T T i : o o
[ Shanliniug ey — 0 T -
o T rH
= oo o n e T = hr i T
- i : t L r - 1
proms mave~ il § et i B B orn v - +
— g e punt z U t Ny o W) 2 = T T
: : 2 A o s
. — y T
== 1 - ~ e b
r - o - + 7 T - s
i = ST . - s
11 = ] = — Ll r
[—— - — L P T rvora ‘r-[‘; ra 1
DRpi Stoquu igrs > 3 17 3 T n
n T T g -
pan ~s ~ 0 3 1 e e —
s KRt Ay o " ram. L £ T
- ——t - rooman : : I L0 i T T
. e p T
T T : T . 0 = o e
[ Pp—— rn o
= P e P H— : =B
z el — n T T T [
| p—— - P TR s S - - LY
|t : R BN ~—t — i -t
T ran - T T o 1 T
i : o T — i n - —t
T T - -t T I B R 13 n =T
i T T T T n : T T T
s 1 T — At T+ A T
A : n : - — —f—— - - < + H
n ¥ T T T T it 1
iy T - rory - - =
7 s T T - - T Lo
ol i — z rai B L
: e —rri— n + T—r—] .
B > o ol 1
T T T - 3w B =
T . T )
- T T T - -
T r | s T
. T 3 o
: rare : el e
—+ -
g A . L Ty
T T 1 A R W
o : AN TR WL
- T T 3
T 'y T T T Lo
L. T n T T
d o I e s L
T - :
T - ¥ T
T 11 ; 3 m
-  Z— T
. T =}t
~—r -
~ T
=
- 7o T
£ Trp
pan 1
T
FUY
T :
= L —
+
T
- + -
L T
ISE : =
- - ey T ¥
v— - s o
R S— : Lway 1
! . Y -
. P — S—— — - —F
= T — g g
— n (1
1 o ~ "
= - == -
= b T - - ~ T
' o
T I
Mgt S
e T
T
S
T v X i
: ) Lol
9 T
|~ T
— ¥ "
o —L L
o —] " -
f—— ey 2 P 2
- — L7, = W3 >
R S SO S B
1 s
- e
. J——
TR Vs Tl Y4 .
Y APYT 7 7 ¥
- A, ¥ - LT L7 4 Le



http://www.abbottaerospace.com/technical-library

etV

AL L 43

R

- _abh

=

-=

o 3

LY R 1]

T

LY

i A

[ SEENE S——

S AR

.\

x

y X v 4

il I |
E i h
| | i
| ; ;i
| ey
M
| m 4
_ L HO)
_ N
m i
_.y he
: _r_,_
RN L

——p—

.

——



http://www.abbottaerospace.com/technical-library

L -

—

7

e [ i

:

T Ly

p—y

=

[ ey

-t

eail

. NATION

ERELIL iy
3

2HE,

~ o ST

= apais s

it

FOR AERONAUTICS

AL ADVISORY ‘combuirrie


http://www.abbottaerospace.com/technical-library

Vi

i T - I
SYVE'S (oumat —— 1 - LR - - - iy B
RS A pvimal preng N T —r
f - N o S— [ S.Nekiul 0
SRS T P - . - —
e e . T s} St i
i S— -
s i T
— - - z T
T v 0
< = - " ks -
— .
juiy + T om ) T
L n T+ T T
- L P - o

- i
- L3 v Il 3
.- i JpSwmm— s n n Ran I
: = Ly z
- . =T
SHE-thiuinty S E— o =
T : n T
— :
- & o L
77 T H
ey — s T .
pit — - - Y AL

—— ~ r x =
- : o [
- - n I
L T L T
e c — T T > T

&

— - —
T T
- - T
z - =
——— - :
T — T
1 .
= .
- L3
=
L
T
0y A == = - =
AN, PyS et
'y re
LR ——p D - - - e o
' = ' s = e — v e ——
. o < ~ - —
; - Lo [P Ay
1 n
"} 2 T o Sowniill Weltglon: mpnyts
L 3 s
PRSI = i - " S v ulii EA
T T T =
- —a - =t T e H ———
- —= — -~ ———
p— —_— s Rl g
[P— T - }-~ - =
. L — e ot e 1 e
: : - - o
e B L —— —— i
T o -
* il b rori -
- - —
T - : -
—_— T ry s a2 —
. = . T 3
- -3 L 3
T T - E— —— -
T b i iy —_ - - - -
3 iy U - L :
T [— — 4= -
0 S I Sl S S S r 2 w1
—— - [E—— =
L A b ——— ——— T i
- -4 - u
—_— s e a P T ! o L el =
—t T n e
3 T it S SR SR -
ol h - B ———— it
- 1 L 1 s o
. s o - -
- ] = =} ] [ S S ap— oy
T - Pkl fniesl v 4 y A
z [~ 7 F oo 8 I SV B 4
P T Ll L y 4
. -~
ram

L

&
N

Y
{ q)’ N

o
»

§ ! ey
T



http://www.abbottaerospace.com/technical-library

. . _ )
I R AT
i ¢ FHH T RS
.m . I
L.
i 0|11

L2
whuiiy

- - —

-
- el bl

)

| SR W
ol 1l
.ﬂJZLé

S D

e S

R armsd Ml

——4

i tl Bl

il

vy

"y
LY

- NATIONAL ADVISORY COMMITTEE FCR AERONAUTES

: it |

¥
7

TFLE

=
{"C.
iy

Ay A%

R o
e/ =
e
ra

gLel

hewr & S
[ &7 &
I

AT T T T T AT



http://www.abbottaerospace.com/technical-library

e -
el — ~ " TR T N T o AT T
_‘—-ﬂ_— — =% s TS L ran sew: T
- g e ] b e e - = i - - T
" - : ST t 1 o R M

= L i . T 1 Ll
———— T T T . ) r h = T
T 8 5 201 Dn T
— T - v T —rt T
) : T T
* i . : : -
T —— — ~
T T = , - ; - T T
— - ; con e " 1
— . [ 3 1
- — L T + T rew t Lary T
1 - I 1 1 - Ly
: - —— = ri T X B s
- - . I
- - " LN B -y - "
o g R - t T
— - . n
. + T - — r
- L Fa L
f T v
— —— T T
— =T - - T +
n = P Y
e o —t - —— Ly - = : -
- T - T o T ry
e S - - - - o -
Py T T - L - =
x : = T
e it 1 PR - LT 3 =
[ T T T - = e
i xt " e Ty i : PR M B e T H—
: : : : - rac
: - = . . b
e —— - p—
: : ] —r :
——_-_._(—-—_ ‘. e — L -
raat T n
= T ; T - T - -
. o — n ; > v Tt - vt 7+
= o r - 13 i
0 r L3 [} : T T

= — e e = 11 - : —— i I : =

H - - : I o s rn

—" I | . i 3

ey - T -
tm ; - T T T : —
- 1Y [ 0
1] I T v LI T T —
T - ; :
: - —— + T T
- ; TT Y
- ; = = o
» - L ==
T > - = —
= rare
> Tt : " - =
T . et -
- . -
- 13 13 1t
« . i H t
e —t - e - " — - “
._-;-'g.: e Sp— = — =
—_ a— A T 1 T T r -
i T L o
— " z b = =
- u 3 0 r
- — = T t
e T n == 1 —r = P
+ - T T = - T
a o o T >
- - gt T
rw—e T t T —
TT T T - T - — g " :
= - > 1 L L
ra Ly T = t g uf T
- e - s 7 I T —
.~ ™ s . 4 ' L5 )
r
-
»



http://www.abbottaerospace.com/technical-library

Aleaw'wds L v  Lu. -k

!.-.“..l‘.-.-... 3 " - — —
ik e I RS Kndeby g e P . e A

= e

P —t
S,



http://www.abbottaerospace.com/technical-library

T
F R - T — H— o
T =t — - = = T
L Callinglr 1Y SPLar T - v 1=
X — e e sy e S
1 - 1T S A A T MR - l
JRU Arjurs ars —r — N :
Ca ot XK AN 8 4cww 8 N Hr——rr
17 3 n - : . L I
=t iy LT Y
. s -—t—— 5
" =
e o — -
" e ¥ T
i x I S s
n s Lo
bt e bl 3 T A —t
31T LY . 4 L
= § 3
T
n
14
T
L

AFYETT

_RRTIONAL ADVISORY COMMITTEE FOR KERONAUTICS



http://www.abbottaerospace.com/technical-library

frere;,

[t

A

e
] =
[y
- na
>
—r rar B
A

T :

- H W

Sy e

v .

L parny 31
—— :
] g S y

T ™= = =

r L Bl v

e
oy
e
e
—
;
T
=
“.—. =
- T =
s R I
T
—r
1
T
—3
=
——
ki —
=
i
21l
el 1
¥ 1
—
| 8§}
T
N - l
P 3
=+ s
4
:
L
35
—F
. -
T s
L
-
. I
———
- -
1 8
I
—t .
L 1
T
—
[ S 3
~ ]
yar s A -
~s :
=
n A :
1 I
ry i
e~ r—
)
b
-
4 Li
bk
e g,
.—4--—.»—.-}..—‘_ % i
: i



http://www.abbottaerospace.com/technical-library

- . m H Al * T i . 1
1l - 3 ! i . : SIS . i
TE L T o i ] 0 Y i
T 1 L § . 1 ST
i HEER I I i L i N Y
i _ NG T Mt : I 1 _ s IINITHA KN HITT
H ' 1t -H i i : \ 1Ak FH HL ke [ B
. ) 1] 3 _ i _ _ : § T
g [ i ! _ ’ M) NP
I - f f N L
w N : .-. L , . . | L ¥
A sha) ] : _ T} U
| ESH v it TR
’ 1 w i ._m K .,w
Ly [t . [ N A . " MY
) i : ] : 14
| HH | - EAAE ] K _G M
, Ik AL R RS A
g . iR . 1 i T [T T TR
: n: . _ ST SN Lt ol Fce81
] al it HHHT 1 : ; HENGES BN i
> 1 i E A m . i w wlo:m rl
. . . 1TATHTH {l | H I WHHR
il 4 | ol W_P“ —L ™
| 1 1 = A “ﬂ. . _ {
i LR “ i | Pl L
| _ | i : TG
itiit | | . ik Bl Al
| | | A
WH i i ] . I 0 TR N
B i ; 2 i KRR RS
,ﬁ : L .. u __,.nx_ _ .Lr”. m” :”.
HENT 7 : ._ galll it Uil
f _ i J ) n
4| _. j L : 1 w K 11 H
T W .T..rr A A i nv% i T
il _ . , N _ j :
; ! : ! L . } ]
k_ﬁ , . | Hitith WL A
1 . L i ﬂ ! __r tH By [
X ; ~ G A -n_,_. | s!_ 3
Jui . H s I
S I 1 AL A ﬁ. ’ fHit i
i | g | R |
Hiite H : IR : 1M '
1H NN i T i IHIHIHIHIE i} :_w



http://www.abbottaerospace.com/technical-library

T

— ]

(I o

=

T

= e ) a7

g

T

-5

A -

17

I

Py
7

W o
L2007 £

e

7324

il NP
il |
u _ i * M)
Al A il
g i il
o H 1 71 .__: __:
P Hit IR



http://www.abbottaerospace.com/technical-library

T

=

b

Jptvm—

=TT

Eoaad

Ty

r

T

L}

L

I

Y

1 X 2V

.

T

7T

R o "

G

i

e

—

+

"

ey

o a3
=
T

F

L 7 3

3y

.
o
SFViTs T

r -

1
o

L L S
T

1T

L PRI
T
LI ¢ A0
| AP 2

T
I

L3 3

T
1

P
T

Tt

e m 4

Tt

T

ity

1

e

T
.
I

LT

3 Y
Fa R4

rm)

T
Tt

re)

T

[ &

rwm

Lin }

e

Sy —. \ y agn

__SWALAR O B /g

-

fak



http://www.abbottaerospace.com/technical-library

———

—r --

i Pl

yau
e

il

R e’ magea]
s

.::f"i;";

-—L—!—- [ e
lgpnd oty

Las

ke

L —

4
AT

CiE

227t A
[y

A

o7l 2
/)



http://www.abbottaerospace.com/technical-library



http://www.abbottaerospace.com/technical-library

L
UGG SRR s S T T AT
AL iRt s AR B
il e | IRRRA RS |
A S A R S
e e R )
i o iy ! . A \ il TL_M_,-,, A
Bt AROR T Tl T i
HIEHE RN SR it IR il U 2
AR O R R
T e g :
rr. “_ _._ ] _ L w.r__ ._ HIE “ ] _ ] ”._ “_ | .n.w_ w _ | mm ,_ _n” i w
i UL A S A W
| T s A __~ ! | _m, | N
x,,, L iy it | Al
f [ s
RHEIRIEIIR ALY | AT o R
il il Hil JRUIHH il . | I RIS
1] I il fITRIA i A O S S
bl | T TS
) ] T R ! | T TRSTTITNG
eI it A 1l S
uﬁ._" ' fﬁ.f § ,3_ .“zg_ : IR
B THAH T |
_ R e e il i i
il AT st
A TH _ it ! WE
AR A i # |



http://www.abbottaerospace.com/technical-library

[

) Sy B
T

T

——) s

=

=+

- ommte

.

e —

AR T N RN

~—f o et e et

[

=

Thee—b— e e —

=

e

U SV S

¢ -

F—— -—

IRy

[——

b s



http://www.abbottaerospace.com/technical-library

E—

. _ . L o
T i il ._ i ,
ElibiiE | : . ML |
il A il
i e A il !
ti i AR ] Al
: 1 il w " 1A FELLL i
14] . ..r ﬁ i |r- __ ¥ \. Il | : AT i 4
u.. ﬁ H -u_. | 1 . 1HIE i
AL A ‘? . ] it _.__ | - ,. .
L HE m : L FR | | i 4
- - .._ : | - _ L1 -ﬁ. i ,
bt [ A AR TR R | v
i . il \ LRI : it :
£ 1 . i [HIHiE 1h] (L 4 \
11 . I T LI _w J_ P r
il L_ e e
i ’ m . ; 1 L 0 Y | L
1 i __ i N
o : T cHIE
3 1 I ! 1) ! il
- . ._ . I8 | T A |
i 1 | H L : ;\ _F
FAiLved rd _
]
,

-



http://www.abbottaerospace.com/technical-library

'
J—C

b

 NATIONAL ‘ADVISORY. COMMIFTEE FOR AFRONajirc


http://www.abbottaerospace.com/technical-library

et

Pty e

- popde i, ethmter -
—ry

—f it

T—... .
ey
T+
1
14
1

T

L W

e
L
11 :
JRarn ALipuny i SP7RER = T
ras =
3
]

R T —
T
T

[ s e

W fret——

-—
o fm e

i iAo grepey E

._.._...-i____._._ ;



http://www.abbottaerospace.com/technical-library

NATIONAL ADVISORY COMMITIEE AERONAUTKS

HIEE R Ll TH D H L . X
| u " § L] M HER AT RS : ]
; i H T
=) = - | 1= "R RN AWQN
; HH x PN T
. EET T T R R Ry T e e e T e
I F TR _ T HE BT i 1 “,m
.m Hilt 5 <\ HE TR E e |
] TN IO AR %
B HHH et R LT b e e e ] 1!
Vi e [ L P TN L R T R L il ? |
: TTHm THTHTRETHE .
I | L S T 1 et
i R 0 THER HI G Q)
e it L FHH- _ Rt
i e TR
nlw _.. umv‘ ] “" HINMI 7 _””
H37 ' A ) Tﬁnrwr AL T H Jr H
T a] 4 N (4 ]
T ¥ AT TR TR , u e,mm__,,n
] i P ¢ H: L 3 \ r
S § TR H e LR L ,,_,._..ﬂ.._.‘
h n. » -1 {1 rtet . |
I ST (N TIIH ; Y N 4:
] : 1 :
ik FEH EL LD i i ) RN
R N np. N N | . .“
A . m | i : TR
e X -1 THER A M N mlﬂ
X R L ; i
] B ¥ j lf_ ﬂ _.41 T
§ R I
i T EHE Ay PE 03
_ 41| 8 | N | N _z
i 1 [ FH| P H {1 | _
”nur_ - H | .A
' : i |
v _ 143 101 i H H
t 4 ) _ N TE 1 H g
N TN ; ;
y ; Tt C i
ahatadllinlt ittt il _ i
AL b | ﬂv
{ { __ Al ”__m_ “
gl ! I ETHIL
i : of "____" ﬁ _ :d__::_m |

VLA



http://www.abbottaerospace.com/technical-library

NATIONAL ADVISORY COMMITTEE FOR ARRONAUTIS

+
T re w3 D
1 . L e
2 —
T rhry T - i - H~
¥ i y .
1y ; . & 1
- g X g bl T o -
ry T =
2 HEER SO
T i T rman
L A 3 .
Lk ~ -

o



http://www.abbottaerospace.com/technical-library

I
0

]

1434 44

NiWHﬂlLNJHl e S

—&5—"“:‘—“—?5..-.:"1.._'.'1:'. T T AR
-


http://www.abbottaerospace.com/technical-library

