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ADDENDUM

A conference on the Martin model 202 flying gquallties esti-
mations was held on January 20, 1947 with representatives of the
Glenn L. Martin Company and the Civil Aeronsutics Administration.
At this time, it was learned that the positive range of the
adjustable stabilizer on the prototype airplane had been changed
from 4.4° to 2.5°. In addition, the maximum up and down elevator
angles were increased by 5°. These changes should substantially
* improve the margingl elevator control problem in the landing con-
dition &t the foremost center-of-gravity position.

It was also learned that the Martin Company estimated the wing
o
dihedral to be increased by about 1-1]-: in level flight as a result

of gtructural deformation. No account was taken of the deformation

in the analysis, therefore, it would be expected that the adverse
dihedral effact clted will be somewhat alleviated.
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ESTIMATED FLYING QUALITIES OF THE
MARTIN MODEL 202 ATRFLANE

By Joseph Weil and Margaret Spear
SUMMARY

The flying qualities of the Martin model 202 airplane have
been estimeted chiefly from the results of teésts of an 0.0875-scale
complete model with power made in the Wright Brothers tunnel st the
Massachusetts Institubts of Technology and from partlal span wing
and lsclated vertical tail tests made in the Georgia Tech Nine-Foot
Tunnel. These estimeted handling qualities have been comparsed with
existing Army-Navy and CAA requirements for sgtabllity and control.

The results of the anaslysis indicate that the Martin model 202
alrplane will possess satisfactory handling qualities in all respects
except possibly in the following:

The emount of elevator control available for landing or maneu-
vering in the lsnding condition is either marginal or insufficient
vwhen using the adjustable stabilizer linked to the fleps. More-
over, indications ere thet the longltudinal trim changes will be
nelther large nor apprecilably worse with a fixed stabilizer than
with the contemplated arrangement utilizing the adjustable sta-
bilizer in an sttempt to reduce the magnitude of the trim changes
caused by flap deflection.

The available rudder control will probably enable lendings to
be mede in croees winds at 90° to the path of only 1l percent of
the stalling velocity for some conditions. This condition could
probably be improved considerably; chiefly by using somewhat less
than full flep deflection.

Considerable negative dihedrsl effect is probeble in the
landing and approach conditions which could meke the airplans §if-
ficult if not dangsrous to fly.
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The aileron forces in sbrupt rolls at crulsing speeds are
scmevwhat, higher than the desired limits. Moreover, at the lower
speeds the aileron forces are undesirably low or overbalanced. No
change in the linkasge arrangement of the linked-balasncing tad wounld
be likely to improve the control forces for one condition without
having & detrimental effect on the other. .However, 1% 1s shown
that a spring-teb arrangement can be devised to provide reasonably
satisfactory characteristics for sll conditions.

INTRODUCTION

At the request of the Civil Aeronautics Administration,
Department of Commsrce, an estimste was mede of the handling
qualities of the Martin model 20z transport. This snalysis was
desired by the CAA as an advence indication of the flight character-
istics to be anticipated for the prototype alrplene. Availability
of such knowledge was believed important from the standpoint of
safety, facillity in planning the flight-test program and subse-
quently in expediting the tests themselves.

It was originally planned to base the estimaetions on the
results of complete modsl tests to be made in one of the .
Langley 7~ by 10-foot tunnels. However, a rather extensive
investigation by the Martin Company of a complete model of the
Martin model 202 had elready been made at the Wright Brothers
tunnel at M.I.T. (See references 1 to 4.) In addition, detalled
1solated vertlcal tail tests and tests of a partial span wing to
obtain aileron characteristics had been made at the Georgla Tech
nine-foot tunnel. (See references 5 and 6.) Therefore, although
the investigetions dld not cover all of the points desired for a
complets estimation of handling qualities, the time-saving element
prompted the dscision to use these data which were already available.

COEFFICIENTS AND SYMBOLS

The followlng coefficients and eymbols appear in the text and
figures:

Ch hinge-moment coefficient of a contro}l surface (H/qb'32>

Ch"t rate of changs of hinge-moment coefficient with tail angle
of attack
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C

by
C

hy 'b

L

Tef

rate of change of hinge-moment coefficient with control-
aurface deflection

rate of change of control—éurface hinge-moment coeffi-
cient with tab deflection

1ift coefficient (Lift/qS)

effective thrust coefficient (eff“ti": thrust)
a

control-surfece deflection with respéct to chord line,
degrees

stabilizer setting with respect to wing root chord lins,
degrees; positive when trailing edge is down

angle of attack of wing root chord, degrees

engle of attack of tail surface, degrees

sideslip angle, degrees

acceleration dus to gravity (32.2 feet per second)

indicated airspeed {0.96 p—wch'—>, miles per hour
V o

neutral-point locatlon, percent mean serodynamic chord

staliing speed In the landing condition, power off,
miles per hour

stalling speed in the glide condition, power off, miles
per hour

stalling speed in the climb condltion, 75 percent normal
rated power, miles per hour

stalling speed in the approach condition, 45 percent
normal rated power, miles per hour

design meneuvering speed {see reference 7)

true alrspeed, fset per second



NACA BRM No. L7A3L

pb/2V wing-tip helix angle, radians
FP rudder pedal force, pounds
Fw slevator or aileron vheel force, pounds
By wheel deflection, degrees
rolling velocity, radians per second
H " hinge moment of a control eurface{ pound-feet
g dynamic pressure (;VQ/E), pounds per square foot
b wing span, fast
b' (with subscripts) span of & control surface, feet
< root-mean-gquare chord of a control surface behind hinge
line, feet
W airplane groass weight, pounds
s wing area, square feet
o) mass density of alr, slugs per cublc foot
Py mass density of air at sea level (0.002378 slug per cubic
foot)
Subscripta:
e elevator
r rudder
- aileron
4 landing flap
ebt elevator linked balance tab
et elevator trim teb

Tay

rudder spring tab
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Tey ruddsr trim tab

LIS alleron linked balance tab

8¢ alleron trim tab

Abbreviations:

Wm _ propellers windmilling

T.0.P. take-off power - -

N.R.P. normal-rated power

C.2s - center of gravity

M.A.C. | wing mean aerodynamic chorci, feet
CAA Civil Aeronautice Administration

M.I.T. Maasachusetts Institute of Technology
ATRFLANE AND MODELS

The Martin model 202 ailrplane is an all-metal, low-wing, twin-
engine monoplane with full cantilever wing and tail surfaces. A4
three-view drawing of the airplane 18 presented in figure 1. Among
the design features are a fully retractable tricycle type alighting
gear with steereble nose wheel, double-alotted flaps interconnected
by mechanical mesns to an adjustable stabilizer for the purpose of
minimizing trim changes when the flaps are lowered or reised and
& vanetype (Van Zelm) aileron (see fig. 1) for which a smaller
aileron can be used than is customary to obtain the same maximvm
rolling effectiveness, thus permitting the flap span to be incressed.

The elevator and rudder can be aerodynamically balanced by an
unsealed overhang and either a linked-balance tab or spring tab.
The allerons are aerodynamically balanced by a sealed overhang and
& linked=balance tab.

A summary of the physical characteristics of the aii*plane
furnished by the manufacturer is presented in tables I, II, and IIT.

The cOmpléte model tested at M.I.T. was a 0.0875-scale modél
with power. Details of the model are given in references 1 to k.
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A description of the 0.30-scale vertical tall model and the
0.25-8cale partial span wing panel model tested at Georgia Tech
can be found in references 5 and 6, respectively.

TESTS AND ANALYSTS

Test conditions.~ Moat of the tesis in the Wright Brothers
tunnel at M.I.T. were conducted at a dynamic pressure of 16.37 pounds
per square foot which corresponded to an airspesed of about €0 miles
per hour. The test effective Reynolds number was about 666,000.

The tests in the Georgia Tech wind tunnel of the vertical tail
model and of the partial span wing model were mede at a dynamic
pressure of 25.58 pounds per gsquare foot which corresponded to an
airspeed of ebout 100 miles per hour. The test effectlive Reynolds
numbers were about 3,920,000 and 2,758,000, respectively.

Model configurations and power condltions.- The various air-
plane flight conditions were simulated in the complete model tests
by & suitable variation of model configuration and power condition.
The conditions referred to repeatedly in this paper are summarized
in the following table:

Atrplane Model configuration
flight Lendin Landi
condition flapss Zgarns Power
Gliding Retracted Up Propellers off
Cruising Retracted Up T5-percent N.R.P.
Climbing Retracted Up T5-percent N.R.P.
Approsach 35° Down 4S-percent N.R.P.
Landing 55° Down Propellers windmilling

Methods of Analysis

The Martin model 202 alrplane is a commercial transport and
hence 1is required to meet the stability and control requirements of
the CAA (reference 7). However, the flying qualities have been
analyzed using the latest Army-Navy specifications for stabllity
and control as a guide (reference 8 or §). This was done primarily
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because of the more spscific nature of these regulrements for

class II airplanes (transport category) as compared to the rather

general coverage of the CAA requirements. VWhere important 4if-

ferences exist between the two sets of specificatlons which have a

critical bearing on the estimations suitable, reference is made in

the text. It is to be noted that often the conditiome for which

model date were obtained did not correspond exactly to those .
specified in references 8 or 9. Instances where these differences 1
have a pertinent beering wiil also be brought out in the discussion.

The normeal operating weight of the Martin model 202 transport
is around 36,000 pounds (V/S = 41.9). However, & majority of the
bower-on complete model tests were run using e thrust cosfficlent
variation based on & weight of 29,000 pounds (W/S = 33.7) and
therefore it was often necessary to base estimetes on this latter
welght. All estimates were made for the mean operationsl or design
center-of -gravity location unless otherwise specified. A weight-
balance summery is glven in teble IV. '

The flyling qualities of the airplsne have been estimated from
the data reported in references 1 to 6 using methods similasr to
those outlined in references 10 to 13. It was assumed that the
control surfaces are mess-balanced, that there is no friction or
stretch in the control system and that there is no fabric distor-
tion. The power-off staelling velocities of the alrplane were
based on values of Cj < which were obtained by exbtrapolating

the complete model tunnel data.

No hinge-moment data Were available from which the control
forces of the elsvator could be sstimated directly. Values
of Chat(o) and Cha(-0.0037qt/q) were therefore estimated

utilizing the lifting surface theory of reference 14 and the
results of hinge-moment correlations summerized Iin reference 15.
The hings moments were then estimated using the qth calculated

from complete model pitching-moment data. The tab effectivensss :
(Chs = -0.00h7qt/q) vhich was used to dotermine the effects of a
©

linked bslance tab snd trim tab was obtained using the methods
o6utlined in reference 16. The linkage factor which was used to
convert the surface hinge moment to wheel force was supplied by
the manufacturer and 1s presented in figure 2. !

In instances vwhere only propellers-off data were available,
the effect of the windmilling propellers on staebility was estimated
using the methods of reference 1T7.
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The rotary derivagtives which were used in estimating the
dynamic stebllity characteristics of the alrplasne were. calculated
using the methods of references 18 to 20.

The rudder-control characteristics were computed using both
complete model data (transferred to the stability axis) and the
results of the isoclated vertical tail tests. The angles of attack
and tail loesds required for trim were obtained from complete model
tests. The rudder deflection required for trim and the rudder
hinge moments were obtalned from the ilsolated tail tests. It was
possible to estimate the approximate effective aspect ratioc of the
vertical taill using the limited rudder data available from complete
model tests. The 1solgted tall data were then corrected to this
aspect ratio. The jawing moment due tc the aileron deflection -
required for steady sideslips was accounted for. Calculations
wore made for only one of the several possible rudder-balancing
arrangsments, nemely, an unpreloaded spring tab with a spring
congtant of 12 pounds per degree tab deflection. This spring -
strength was chosen primarily to provide acceptable forces in the
criticel asymmetric-power condition. A curve of ruddér.linkage
Tactor againet rudder deflection is presented in figure 3.

" The aileron-control estimates were based on the results of
the partial span wing tests made at Georgla Tech. The tunmel -
corrections were computed from reference 21 and it was found that
the rolling-moment coefficients presented in reference 6 were
ebout 8 percent too hlgh. This was taken into consideration in
the camputations. Curves showing the nonlinear linked-balance
tab deflections and linkege factor agalnst ailleron. deflection are
presented in figure 4.

s

ESTIMATED FLYING QUALITIES

The Armnyavy requirements are divided into four main sections
in references 8 or 9, namely:

- Longitudinal Stability and Control
- Directlonal Stability and Control
- Lateral Stabllity and Control
Stalling Characteristics

MY

The items in the present paper are numbered %o correspond with
the requirements of references 8 or 9. Whenever & particular
requirement was of such nature that an analysis was not deemed
feasible using the avalleble wind-tunnel date, it has been omitted.
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The Martin model 202 transport falls into the catedory of class IX
aircraft in references 8 or 9.

Section D - Longitudinal Stebility efid Control

D-2 Static longltudinal stability.- The airplane will possess
Positive static lomgitudinal stability, elevator fixed, throughout
the center-of-gravity range for all required flight conditions.

(8ee fig. 5.) It should be noted that the neutral point curve

for 75 percent normal-rated powsr (W/S 33.7- pounds per square
foot) actually is equivalent to approximately normal-rated power

for the much more frequently encountered condition of W/S = 41.9
pounds per sguare foot. Inasmuch as the estimated value of Chat o,

_ the slevator-free neiitral points should be identical with the

elevator-fixed neutral points. It should also be noted, however,

that in order to obtain satisfactory maneuvering gradients for an

airplane of this size and speed, the elevator must be falrly closely

balanced (obtained through the use of a linked balancing tab in

this instance) and small changes in the hinge-moment peremeters '
(from either nonlinearity, manufacturing dissimilarities or slight !
errors in the estimations) might easily cause the elevator-free
neutral point to shift by 5 percent mean serodynamic chord or more.
This would most likely cause difficulties in the climbing condi-
tion (fig. 5) for in this condition the elevator-fixed static margin
1s &8 minimum while the tall contribution.is consgldergble. The use
of & spring tab would lergely reduce the effects of any esmall changes !
in the control hinge moments on the stabllity because of the auto- ;
matic compensation to these chenges (repeatsbility) which are an

inherent characteristic of spring-tab systems.

free stability specifically in the cruising, climbing, approach and
landing conditions. However, the requirements either are the same
or somewhat léss severe than those of D-2 so that the preceeding
discussion is applicable. The CAA also concerns itself with the
stability becoming so great that excessive control forces will be
encountered in steady flight.. However, generally if the elevator
balence ie designed to give satisfactory control-force gradients

in turning flight and control forces in landing, then satisfactory
characteristics will also be obtained in steady flight conditions.

D-3 Elevator control power.- (1) It will be possible to obtain
steady flight over the entire speed rangs for most of the required
conditions. (See fig. 6.) The elevator control for stalling the
airplane in the lending condition (at the foremost center of gravity),
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however, becomes marginal with the contemplated flap full down
stabilizer setting of L4.k°. If the cruising stabilizer satting
(-1.6°) were used, ample elovator would be available. (See f£ig. 6(c)e)

. {2) It should be no problem to obtain the poeitive limit load
factor or maximum 1ift coefficient in a turn in crulasing flight
conditions with the present elevator, control (fig. 7). For turns
in the landing condition z;t,= h.h°), however, the elevator

avallable would probably be insufficient to perform the required
maneuver at the foremost center of gravity through moat of the
speed range in view of the aforemsntioned marginal control for
stalling in steady flight in thils same comdlition.

(3) The amount of elevgtor estimated (frem tests in the preéence
of a groundboard) to ba required tc hold the airplane off the ground
at a speed of 1.o5vsﬁ {88 miles per hour, W/S = 41.9) for varioua

arrangements is shown in teble V.

It may be seen that the elevator control sppears marginal for
landing at the foremost center of gravity for the contemplated
prototype stabilizer setting of 4.40. (Maximum avallable up ele-
vator is 309) With the stebilizer set at -1.6° there is unques-
tionably sufficient elevator for landing throughout the center-of-
gravity renge.

(5) Often a critical requirement for the adequacy of elevator
control is the ability of the control surface to ralse the nose
wheel during & teke off at & spaed of 80 percent of VBL with the

center of gravity most forward. No data were availeble, however,
with which to sstimete the taeke-off characterlistics.

D=4 Elovator control forces.- (1) and (2) Estimsted character-
istice in steady turning flight were computed for the most forward

center-of -gravity location at sea level {a measure of the meximum
gradlent) and with the center of grevity at the most rearward
location for am altitude of 10,000 feet (a measure of the minimum
gradient) . For oach of these conditions, computations were made

for the balance tab locked and a linked-balance-tab ratic of 0.4 lag
(e linkege variation from 0.3 lead to 0.8 lag 1s provided for on

the prototype airplane}.

For all oconditions investigated changes in nérmal acceleration
will be approximately proportional to the change in pilot spplied
control force. (Ses fig. 7.)

The gradients of elevator contyol force in steady turns st
270 miles per hour, as estimated from data obtained with the model
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in the cruising configuration, are much toc high in the tab locked
condition. Satisfactory gradients (between 20 and 55 pounds

per g, <references 8 or 9) are indiceted, however, with a linked
balance tab ratio of O.4 lag. Agein, 1t must be stressed that minor
changes in Cha.b and Chs could considerably changs the estimated

characteristics. To illustrate this point computetions were made
to determine the effect of having slightly different hinge-moment
parameters than were estimated. It was assumed that Ch% and Chst

were changed by 0.0005 and Cpy was changed by -0.0005. Then, in

a turn et 270 miles per hour at sea level at the forsmost center of
gravity -the gredient i1s increased by ebout 27 pounds per g« for
the linked-balance-tab ratio of 0.4 lag. On the other hand,:if &
spring tab system were resorted to, an increase of only b pounds
per g would be atteined using a spring constant of 8 pounds per
degree tab deflection. Thug if e linked-balance-tab arrangement -
can not be found which willl be satisfactory for all conditions, a
sultable spring tab or geered spring-tab gystem would probably -
furnish & satisfactory solution.

(6) The control forces required %o hold the airplane off the
ground’ at 1.05YSL. for two possible stabilizer settings and balance

arrangements with the airplane initially trimmed at 1.0Vg avay

from the ground are illustrated in table V. It is seen that with
‘a 0.4k-lag balance teb the use of either the fixed or adjustable
stabilizer would result in a wheel force lese than the limiting
50 pounds.

. - D=6 Longitudinal trim changes.- As previously mentioned the
Martin model 202 hes an adjusteble stabilizer linked to the flaps
which moves when the flap is.changed in & manner which was hoped
to minimize the trim chenges ‘caused by flap deflection. The
Ffollowing teble summasrizes the estimated trim changes with & linked
ad justable stabilizer as well as for a fixed stabilizer (set for
trim in. cruising flight). It should be noted that a flap setting
" of 35° (approach) has been used in estimations requiring a landing
setting (55°) becsuss of the insufficiency of the test data at the
latter setting. The trim changes on the airplane caused by full

- flap deflection will therefore probably be somewhat different than
the estimations indicate. '
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Change in
control force|Change
Trim conditlion . (1b) in ae
- Items for
Speedj 8 i changed :
No. f \iGeari bt Power Tab trim
| (mph)l (deg) (des) At ratio}O-4 188|(deg)
zero tab
_ Fleps 359,
: 50 - 1gear ddwn, i
1(a)} 131 | 0 | Up {~1.6 |percent| varisble Bé;"l ﬁsg i
T I1N.R.P. stabilizgr pu P
.(1t 2.2 )
50 F18P5d35°, L6
1 131 1. gear down, .0l 22.1 }9.3
() 2311 0 | Op |16 | peroont) "sirea | push | push | down
stabllizer
: { 50 17| 0.9
2 105 35 Do | 2.2 Percent Power off Pull Pull 0-5 up
N.R.P. . _
' 3.7 1.5 | 0.2
3.|213.] 0 |Up F1.6 |N.R.P. | Pover off | Soi | 2 | So0
Flaps 09,
ke- | 899 WP gy 2 1 8.7 | 3.8
b(a)| 105 | 35 |[Down|z.2 | T2 variable
_ _off ' stabilizeﬁ push | push down
iy -1.6)
Flaps OO,
_ Take~ | gear up, |[|13.6 6.6 :
(v} 105 | 35 |Pown|-1.6 off P1xed pall | pull 3.6 up
.}stebilizer
Power- | Take-off 5:2 2.5 1.5
5 105 135 |Dom) 2.2 | opp pover push | push down

~ Inspection of the table shows that the use of the 0.k lag
balance tab glves trim changes well under the specified 50-pound
limlt regardlese of whether a linked adjustable or fixed stabilizer

is incorporated.

It is apperent that the adjJustable stabilizer does
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not always insure less trifm change than a fixed stabilizer {compare
conditions 1 and 4). In fact, under certain conditions the changes
may be even greater wlth the adjustable atabilizer. This con- -
sideration, the lack of informetion es to the megnitude of trim
changes with the flaps full down and, in.addition, the afore-
mentioned marginal elevator control associated with the adJustable
stabilizer probably would meke it of prime interest to check the
rolative merits of & fixed and adjuatable stabilizer on the first
flying article.

D-7 Longitudinal trim’ni—hg device.- {2) The longitudinal trimming
device is powerful enough to secure zerc elevator control forces
over ghe center-of-gravity range for the specified conditions. (See
fig. 8.) ’

Section E - Directional Stability and Control

E-1 Dynsmic stability.- The rudder .fixed dynamic stability of

thé airplene was investigated for & cruising snd a gliding flight
condition. ZFor the c¢cruising condition (Vi = 240 miles per hour)

the airplane will be spirally stable. The oscillatory stability’
in this condition 1s such that the period of the oscillation will
be sbout 3 seconds and will demp to l/? amylitude in somewhat less
than 1 cycle. In a gliding condition = 141 miles per hour),

however, the airplane will be spirally unstable. But the spiral
mode is such that the divergence will double in sbout 45 seconds
80 that the pilot should have no difficulty in controlling it.
The period of the oscillation in the gliding condition is about
5 seconds and 1s also rather heavily damped, the time to damp to
half smplitude agaln being appreciably less than 1 cycle.

E-2 Static directional stability.- (1) The airplane exhibits

rudder fixed static dlrectional stability Ffor all flight conditions
investigated. (See fig. 9.) It should be noted that the stability
1s high in the approach condition and particulerly high in the
landing condition. The angle of sldeslip is roughly proportional
to the rudder deflection from trim for all condlitions-

(2) The critical condition for sideslip caused by'roiling is
encountered in gliding flight on the Martin Model 202 airplane.
When gliding at V; = 141 miles per hour in & 45° banked turn, the

rudder-fixed sbtatic directional stability is such that the angle
of sideslip caused by full aileron deflection is only 12.8° which
is .considersbly leoss than the permissible 20°. (See fig. 10.)
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(3) The rudder-force cheracteristics are such that with the
rudder free the airplane will always tend to return to the trim
condition with the wings level. (See fig. 9.) Although there are
no actual force reversaleg shown, there are tendencies toward over-
belance at the larger angles of sideslip. Moreover, overbalance
may well occur on the airplane for some of these conditions if
the baslc limitations of the model hinge-moment data are con-
sidered. The date were imsufficlent, however, to establish whether
or not rudder lock would occur at sideslip engles greater than 15°
to 20°., If rudder lock 1s encountered on the airplane at the
higher sngles of sideslip, it may be desirsble to utilize & larger
dorsal fin in order to ameliorate the deficiency. As will be
pointed out later on in' the discuassion calculations were made for
only a spring tab system. With e linked-balance-tab arrangement
or with a combination of the two arrangements even greater tend-~
encles toward overbaslancing would be encountered.

{4) The single-engine condition investigated and referred to
in this and subsequent sections pertaining to -asymmetric power
conditions is for a climbing condition at a speed of about l.EVSG.

The thrust simulated in the right engine (left propeller windmilling)
corresponded to sbout rated power at W/B of 41.9. Although this
condition is sometimes more stringent end at other times less
stringent than those apecified in references 7 to 9, similarity

was generally close enough that the one condition investigated

could be umed throughout. The data were insufficient to establish
whether or not the sirplane could be balanced directionally in
steady streight flight for the aforementioned condition with the
rudder free and trim tab neutral. (See fig. 11.)

The emount of pitching moment resulting from sideslip although
not mentioned in references 8 or 9 is generally considsred to be
of interest to airline pilots. This alrplane will probably mset
requiremsnt IX-H of reference 22, for it is estlimeted that, for
all conditions shown on figure 9, less than 1° elevator movement
is needed to maintain longitudinal trim when the rudder is moved 5°
in either directlion from its trim position at zero bank.

E-3 Rudder control power.- (1)} From the conditlons investi-
geted and shown in figure 9, it appears safe to assume that the
rudder will be sufficiently powerful to itrim the alrplane im all
probable steady symmetric flight conditions with the winge level.

(2) The only complete model yew data availeble for the landing
condition was at a 1lift coefficient corresponding to a speed of
about 100 miles per hour. Using these data, 1t is egtimated that,
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a landing at about 80 piiles per hour in a cross-wind at 16 miles
per hour (20 percent VSL) at 90° to the flight path would reguire

trim to be attainable at B = 12° gideslip. It can be seen,
figure 9(e), that only asbout 6° left and 11° right sideslip cah be
held with the contemplated maximum rudder deflection (#25°). The
trimmable sideslip range could probably be increased by using less
than the full down Plap setting. (See fig. 9(d).) A slight
increaese would elso be obtaineble by increassing the meximum rudder
throw to *30°, but the resulting increased severity of rudder lock
tendencles might not warrant the change. No data were available
with which to estimate the rudder control during teke-offs.

_ (4) For the asymmetric power condition investigated, figure 11,
1t is seen that about 22° right rudder is needed to hold zero
s1deslip. Rudder may not be evailable to meet the actusl require-
ment E-3-4, however, inasmuch ag full take-off powsr was not
simulated. Moreover, the directional stability would be expected
to be somewhat greater with the flasps in the take-off setting
(10° to 159).

égplication to CAA requirements.- Sufficlent rudder control
18 probably avallable to execute 20° banked turns with of against
the inoperative engine from & steady climb at a spesd of l.EVSG

with meximum continuous power being applied to the operating
engine. For aslthough the thrust coefficient simulated in the model
tests analyzed corresponded to only about rated power at

Cg, = 1.0 (W/s = 41.9) at the Cp £or l-“VsG (about 0.7) the

p;wer represented would be even greater than rated power for
WS = 33-70 .

No data were availeble for single engine -operation in the
approach condition, but because of the large directional stabllity,
it 1s extremely doubtful whether heading changes of 15° againgt
the inoperative engine could be achisved from trim with the wings
level.

(5) It is estimated that only about %.5° of right rudder will
be needed to overcome edverse aileron yaw during an abrupt full
right aileron roll from a 45° banked turn in the gliding condi-
tion at 1.Evsg.

E-4 Rudder pedal forces.- As has been previously mentioned,
no particular difficulty is expetted to be encountered in obtaining
satlsfactory control forces because of the wide vaeriely of linkage
arrangements and springs of different strengths_with which the
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prototype airplane can be equipped. As an exsmple calculations
using one logicel arrangement were made. This arrangement made

use of an unpreloaded spring tab with a spring constant of 12 pounds
per degree tab deflection.

(1) If the means suggested ere used to increase the trimmsble
sideslip range, it is shown in figures 9(d) and 9{e) that the pedal
forces will be considerably less than 180 pounds for the required
cross-wind landing. Only ebout 20 pounds of rudder pedal force
will be required to counteract the adverse aileron yasw in condil-
tion E~3-5.

(2) The pedal force required to hold zero mideslip in the
asymmetric power condition investigaetsd was roughly 120 pounde with
the trim tab set for zero pedal force in the symmetric c¢limb condi-
tion. (See figs. 9(c) mnd 11.) The actual pedal force for the
regquired condition would probably be somevwhat larger as has been
previously pointed outb.

E-6 Directionsl trimming device.- (2) If a spring tab system
is used on the rudder, some thought should be given to the use of a
separate tab for trimming end balancing purposes. This is advisable
because of the possibility of reduced tab effectiveness for belancing
when most of the unstalled 1ift range of the tab is used up for
trimming. Algo in spring tab systems the tab hinge moments cause
the tab to blow back ageinst the spring requiring extra effort on
the part of the pilot in the form of repeated trim Jack adjusiments.
Because this eirplene only attains moderately high spéeds and has
not been designed for violent mensuvering, a combinastion spring
and trim tab might be acceptable.

(3a) The directional trimming device 18 easily capable of
reduclng the rudder pedel force to zero in the gliding and climbing
flight conditions with the wings level. (See figs. 9(b) and (c).)

(b) Abhout 16.6° left tab (maximum deflection 20°) is necessary
to trim in the agymmetric power condition inveatigated. Inasmuch
es in this instence the requirsd condltion is slightly less severe,
gufficient trim tab should be availgble to meet 1t.

Section F - Lateral Stability and Control

F-2 Stetic lateral stability.- (1) The airplane will probably
be laterally statically stable with both fixed or free ailerons in
all flep-up conditions. (See figs. 9(a) to{c).) Bowever, because
of the effects of double-slotted flap deflection, considerable
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negative effective dihedral is indicated in the computed approach
and landing conditions (figs. 9(d), and 9€)). The curves of rolling-
moment coefficlent versus yaw angle for these letter conditions with
the rudder fixed st 0° showed elther a small smount of stability or
neutral stability, but because of the high directional stability
present in these condltions and the large change in rolling moment
with rudder deflection, the slope of the curve of total aileron
deflection for trim sgainst B indicates esppreciable instability.
It should be remembered that beceuse of the limitations of the
avallable data the flap~down estimates were made at speeds corre-=
sponding to angles of attack which would be considerably lower than
would. be normally used in the approach and landing conditions. At
these low angles of attack the flaps were stalled on the model -
casting some doubt on the applitability of the data to the higher
C1, range or even the low C(r -range at the higher Reynolds numbers

of the airplane. Nevertheless, unless the rolling- and yawing-
moment cheracteristics are much changed at the larger angles of
attack, even the rudder-fixed dihedral effect will be negative
because of the greater adverse effect of power in the approach con-
dition and becauss of the reduced tail contribution to positive
dihedral effect at the larger angles of attack in both the approach
and landing conditions. If the dihedral effect indicated in
figures 9(d) endXe) persist on the airplane at the higher 1lift
coefficients, it is believed trouble may be encountered on several
scoresg. In making instrument approaches at fairly low altltudes
the pillot brackets a slender range leg, generally uslng the rudder
alone to accomplish this. The rate of splral divergence would be
high and would be continuslly initiated and aggravated by use of
the rudder in obtaining and maintaining headings. In a final
landing approach it would be poseible to have the rudder fully
deflected when attempting to maintain a ground track while trying
to raise & wing dropped by a gust. The pb/2V available for leveling
the wings in this condition would give rolling velocities fer below
those now desired by airline pilots. . .

(2) The small effective dihedral coupled with a rather large
directional stability insures that the rolling moment caused by
8ideslip in a rudder-fixed aileron roll will never be largs enough
to cause & reversal of rolling veloclty because of- ealleron yaw.

{(3) The variation of side force with angle of sideslip will
be such that right bank acéompanies right steady sideslip end vice
versa for ell conditions investigated. (See fig. 9.)

F-3 Aileron control power.- (1) There are no differences
between the Van Zelm allerons used on the model 202 and conven-
tional ailerons which would cause the airplane to roll in the wrong
direction immediately after an abrupt alleron deflection.
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(3) For all conditions investigated, figure 12, the rolling
velocity will vary smoothly with aileron deflection and be approxi-
metely proportionsl to the amount of the deflection.

(%) The helix engle obtained with maximum aileron deflection
will be approximstely equel to or greater then the required
pb/2V = 0.070 for all conditions except in the gliding £light
condition at a speed of 128 miles per hour (fig. 12) where a maximum
value of pb/2V = 0.064 4is obtainable. The values of pb/ev,
however, were obtained from the rolling-moment date of reference 6
and contein an arbitrary correction factor of 20 percent to account
for the effects of adverse yaw and wing twist. This correction
factor is believed to be conservative inasmuch as the wing twist
will probably not be large et the speeds reached and the discussions
of E-2-2 and F-2-2 indicate ths adverse yaw effects will be rether
gmall on this ailrplans.

(5) The value of pb will probebly be considerably greater
then 10 feet per second at l-lVSL when maximum alleron deflection

is used.

(6) sufficient aileron control is available to secure lateral
trim in the asymmetric power flight conditions investigsted, about
two-thirds of the availasble aileron being required. (See fig. 1ll.)
Inasmuch as the silerons remain sffective up to full throw, 1t is
probable that requirement F-3~-6 could be met for any probable
agymmetric power condition likely to be encountered flaps up.

(7) The ailerons sre effective enough to obiain a pb/2V
of 0.05 per 100C of wheel throw up to at lesst a speed of 240 miles
per hour( approximately O. Svmax) (See fig. 1l2.)

F~L Atloron forces.- (1) The aileron control-force character-
istics in rolling maneuvers and steady sideslips are not always of
gufficlient gradient to return the control to trim position when
cogniscence 1is taken of the allowable frictional limit of 6 pounds.
(See figs. 9 and 12.) In fact, there is actual overbalencing indi-
cated for an abrupt full roll 1n the gliding flight conditlon at
the lower speed investigated (fig. 12).

(2) The estimated value of 0.8V, in:level flight is approxi-

mately 240 miles per hour. At this speed it would require a wheel
force of about 150 pounds, (fig. 12) to attain the required
pb/2V = 0.07. The force is ccnsiderably greeter than the allowable
80 pounds. Moreover, because of the overbalancing tendencles at
the lower speeds, 1t doeg not appear feasible to reduce the high-
speed force by a change in the linked balance tab deflection rate.
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Application to CAA reguirements.- Information relative to
CAA rolling requirements can be gleaned from the section on strength
requirements in reference 7. There it is stated that full aileron
deflection is required only up to the design mansuvering speed
(VP = approximately 170 miles per hour for this airplense and that

when the design cruising speed is in excess of VP the rete of roll

required at the design cruising speed be not less than that obtained

using full aileron deflection at V,. Assuming a maximm pb/2V

of ebout 0.07 at VP, it is apparent that only a %=%‘{%x 0.07 =0.0495
will be required at 240 miles per hour. The control force reguired

to obtain this pb/"av is about 95 pounds, (fig. 12) still over the
80-pound 1limit s but possibly tolereble. Nevertheless, overbalancing
is indicated at lower speeds and thus it was decided to investigate

the characteristics with a spring-tab system.

Control forces and pb/2V were estimated for a spring-tab
system with individual unprelosded spring units with a spring
strength of 2 pounds per degree teb deflection at zero aileron
deflection. . Calculations were made for & spring teb the same size
as the present linked tab and for a spring tab of 50 percent
increased effectiveness. Both tabs Were assumed aerodynamically
balanced with a deflection range of 115°. The curve of §,

versus 8, shown in figure 4 was modified so that for the same

meximum wheel deflsction (120°) no reduction in maximum aileron
deflection will be obtained when the spring tab is fully deflected.
It can be seen, figure 13, that in the gliding condition at

V4 = 240 miles per howr the wheel force for a pb/2V of 0.0495

is reduced to about 60 pounds with the tab of 50 percent increased
effectiveness. Moreover, although in the gliding condition et
V3 = 127 miles per howr thers still exists & slight reduction in

conbrol force for increased aileron deflection in the rangs of total
deflections of between 22° and 35°, the objectionable overbalance
haes been eliminsted. )

(3) The aileron control force for trim at zero sideslip in
the asymmetric power flight condition investigeted will be of the
order of 20 pounds. This is far less then the limiting 80 pounds.
(See fig. 11.)

F-6 Lateral trimming devices.- (3a) The lateral trimming device
will be powerful enough to reduce the aileron force to zero in the
gliding and climbing conditions at all required spseds. (See
figs. 9(b) and (c).)
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(3b) Approximately maximum avellable trim tab (27.5°) will be
needed to reduce the ailleron control force to zero at zero sideslip
for the asymmetric powsr condition investigated. However, it should
also be noted that the specific.condition outlined for F-6- -3b should
also be met inasmuch as it is of less severity than that shown on
figure 11. :

Section G - Stalling Cheracteriastics

G-2 Stall warning.- Becauss of differences in scale which will
undoubtedly cause the stall characteristics to differ on the air-
plane and model, the discussion will be of a brief qualitative
nature based chiefly on the tuft studles and discussion of refer-
ence 3.

Good stall warning will be realized in the landing condition
(Sf 550) inasmuch as the root section vmmistsekably stalls first.

In the approach condltion the stall alsc begins over the inboard
portion of the wing but spreads outboard over the ailerons more than
in the landing condition. For the gliding condition (Bf =

the stell started at the inboard trailing edge and gradually spread
forward and outward. The addltion of power (Bf = 0°) delayed the.

stall in the nacelle region. For both flap-up conditions, a good
portion of the eilleron region was stalled before CLma wvas reached.

There generally will be a fairly merked increase in the rsar-
ward travel of the control column as stall approaches. (See fig. 6.)
This 18 especially true in the landing condition.

G-3 Prevention of the complete staell.- The tuft sketches showed
that a good portion of the allerons were stalled before chax' was

reached in the flap-up flight conditions. The data of reference 6,
however, indicate that considerable alleron effectiveness exists
up to the stgll. In the landing condition, the ailerons remained
unstalled above the angle of attack for CLma As hasg been shown

preoviously, the avallable elevator o stall with the staebillzer sst
in the flep-full-down position was marginsl. However, for less
positive stabllizer settings in the landing condition and in other
conditions 1t should be possible to prevent or recover from the
complete &tall by the normel use of the controls when corrective
ection 1s taken immediately after the stall warning cccurs.

G-4 Differentiasl stalling of the wings.- Any differential
stalling on the airplane will depend critically on the amount of
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agymmetry in the actuel airplane. Model ddta showed that in flap-
down conditions the right wing panel stalled considerably earlier
than the left panel. It was alsc shown, however, that the stall
occurred on the inboard portion of the wing so that the rolling
or yawing moments incurred would probably be controllable.

CONCLUDING REMARKS

The results of the analysis based on the available wind-tunnel
data indicate thet the Martin Modsel 202 airplsne will probsbly
possess satisfactory handling qualities in all respects except
possibly in the following.

1. The amount of elevator control available for laending or
maneuvering in the landing condition is either marginsl or insuffi-
cient when using the adjusteble stabilizer linked to the flaps.
Moreover, indications are that the longitudinal trim chenges ere
neither large nor appreclably worse with e fixed stabllizer then
with the contemplated arrangement utilizing the adjusteble sta-
bilizer in en attempt to reduce the magnitude of the trim changes
caused by flep deflection.

2. Indications are that the aveilable rudder control will
enable landings to be made in cross winds at 909 to the path of
only 11 percent of the stalling velocity for some conditions.
This condition could be Improved; chiefly by using somevwhat less
than full flap deflection.

3. Considerable negative effectlve dihedral is probsble in the
lending and approach conditions which could make the airplane
¢ifficult if not dengerous to fly.

L, The eileron forces in esbrupt rolls at cruising speeds are
somewhat higher than the desired limits. Moreover, at the lower
speeds the asileron forces are undesirably low or overbalanced. No
change in the linkege arrangement of the linked balancing tab would
be likely to improve the control forces for one condition withoub
heving a detrimental effect on the other. However, a spring-tab
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arrangement can be designed that will provide reasonably satis-
factory characteristice for ell conditions.
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TABLE T

PHYSICAL CEARACTERISTICS

TYDPE ¢ o ¢ « o « o o 2 s « ¢

Engines
Menufacturer's designation
Ratings:

Normal power . . « « «

Take~off power1 T
Supercharger type . . .
Propellsr gear ratic . .

Propeller: )
BYPE o « ¢ ¢ ¢ 5 ¢+ o o o«

Diemster, ft . . . . . . .
Blade design « ¢ « « o« « &
Number of blades . . « . .
Activity factor (per blade)
Side-force factor . . . « .

Landing gear:
Tricycle {nose-wheel) type

OF THE MARTIN MODEL 202 AIRPLANE
v+ « o « « « » Commercisl transport
- « . Pratt & Whitney Rr-2800-CA3

1700 bhp at 2600 rpm et 7,000 P&
1450 bhp at 2600 rpm st 18,500 ft
. . 2100 bhp at 2800 rpm at sea levsl
¢ « « «» + . Bingle stage, two speed
Y « I 117

{1700 bhp at 2600 rpm at sea level

e« v s « &« s v o« + » Hamilton Standard
reversible pltch
« + ¢« « « .« 13.08
. .2H17B3-48R
L - - - L . 3
« <+ o« . 168
s s . o+ . 132

« * ® e a
» & * 8 a
& e a8 0
a e« & 8 0
« 8 = s
e o @ o«
§ % = & =
. s 2 e
« &4 o a

a & & & o

Water injection rating of 2400 bhp simulated in all take-off power

complete model testing.

NATTONAL ADVISORY
COMMITTEE FOR AERONAUTICS
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TABLE IT

ATRPLANE WING AND TATL-SURFACE DATA

Wing Hor.j‘;zontal Vertical

ail tall
Area, sq Tt 860 275.1 1118.0
Span, Tt R.75 36.47 1k.297
Aspect ratio 10 b8y 1.732
Taper ratio 2.75 2.5 2.215
2Dinedral, deg 3 8
Sweepback, quarter chord line, deg 0
Root section (1o ‘;eigent) mgg;?ég a mgg.;gi a

modified
Tip section (15 ‘;;igent) 65-010 | 65-011
modified modified {modifled
%yaries
Angle of incidence at root, deg 53 from -1.6°} ©
to 4.4°

Angle of incidence at bresk, deg 33 o] _
Angle of incidence at tip, deg 33 0
M.A.C., ft 10.02 8.069 8.767
Theoretical root chord, ft 13.67 10.833 11.%k90
Theoretical tip chord, It Lh.oy 4.333 5.186

Includes no dorsal fin area.

 2Dihedrel measured st quarter chord line.
=E’Angle of incidence measured with respect to fuselage base line.
"Angle of incidence msasuref with respect to wing chord lins.

NATTONAL ADVISORY
COMMITTEE FOR ARRONAUTICS




TABLE ITX

ATRPLANE CONTROL-SURFACE DATA

Aileron Elevators Rudder gi:ga Fuselage flapae’

Percent spen 2.2 0 100 63.4 9.9
Area, behind hings linse, sq £t 16.6 2h.5 39.67 150 30
Belance area, sg £t .32 7.63 15.12
Percent chord behind hinge line 23.0 20.0 34.0 25.67
Mean chord, b\;ﬁind. hinge line, £t 1.437 1..50 2,796
Distance to L/hk tail M.A.C. from

1/b wing M.A.C., £t 35-46 33-%
Control deflectlon, de 30 up 15 dovm|ect W 16 oMl k25 Lert

» 408 P %30 up 15 down -7 TiENL 23 1e

Trim-tab area, sq ft 1.33 3.43 3.93

Span, £t b 7. 6.50

Tab deflection, deg 12 up 16 down| %15 120
Balance tab ares, sg £t () (2) (2)

Tad deflection, deg 9 up 12 down|.8 lag .3 lead 110

10ne sida

28ame tab used for trimming and balancing

3

J‘laps up ] o

Flaps down (ﬁf = 55 )

gl)ouhle glotted flaps
Split flape

Flap deflections, deg (corresponding powers)

For landing « + » - »
For take-off
Approach
All other copditions . . . .

e a2 = =
P ® & & & a

NATTORAL ADVISORY
COMMITTEE FOR AFRONAUTICS

. 45-55 (power off)
. + «10-15 (2100-2400 hp)
30-35 (765 hp)
« « « Flaps retracted
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TABLE IV

ATRPLANE WEIGHT -BALANCE SUMMARY

Center of gravity, wheels up

Conter of gravity, wheela down

Groas
Condition elght | (in. behind {in. behind
() | rusmiage , | (oEeen | (o ohove, | puseiagn | (RO | O T
atation O) ek us €/ | station Q) | T ©
Desim 36,000 448 27.k 12.4 450 29.2
Foremost c.g. L3k k.4 10.5 %36 16.0 6.9
Rearmost c.g. L5z 31.0 4.3 k52 31.0 10.7

*fuselage station O is 100 inches forward of nose.

NATTONAL ADVISORY

COMMITTEE FOR AERONAUTICS
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TABLE V

LANDING CHARACTERISTICS
[vi = 1.05Vg, = 88 mph, W/S = ul.g]

Condition 16 percent c.g. (forelmost) 31 percent c.g. (resrmost)

iy Balance tab aereq E'5'1:1: aeb‘!:. Fu t‘)‘5reaq Bett B‘E*b’c- Fo
(deg) (deg) | (deg) | (deg) | (1b} | (deg) | (deg) | (deg) | (1v)
29 6.4 57.0 14.8 4.8 25.2

b.h Liocked up down 0 ull w 1 0 puil
o0.h 1a 29 3.1 11.6 28.0 4.8 3.7 5.9 8.5
‘ g up down down pull up down dowa pull

¥ : '

. 13.3 2.k 4o.9 3.0 6.7 27 .3
1.6 Locked e wp 0 pull up wp 0 pull
0.4 1ag 13.3 1.2 5.3 19.7 3.0 3.3 1.2 13.3

4 up up down pull as) up d.own pull

NATTIORAL ADVISORY
COMMITTEE FOR AERONAUTICB
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Figure | .~Three-view drowing of ihe Martin Model 202 airplane.
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btalance tab deflsction with aileron deflection on the Martin Model 202

airplane,

Figure 4.~ Variation of allercn linkage factor, whesl deflection, and linked
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Fig. 7

W/S w 33.7 1b/sq ft; V w 270 mph ip u =1.69,

Estimated elevator-control characteristics in mcceleratsd flight for the Martin

Figure 7.-
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(a) @liding condition, Vi = 127.2 mph

Figure 9,« Eatimated steady sideslip characteristica of the Martin Uodel 202 alirplane,

W/8 = 33,7 1bs/sg ft.
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(c} Crnlsing oonditicn, Vi 3 239 aph
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Fig. 8d

(d) Approsch condition, V4 = 115 mph

Figure 9,~ Ocntinued,
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Figure 11,- BEatimated single-engive ckaracteriatics in stsady sideslips of the Martin Moded
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with total aflercn
/8 = 1,86

variation of helix engle, and aileron wheel force
corditions on the Martin Medel 202 airplarne.
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