A Advisory

- US.Department -
et Circular
Federal Aviation
Administration
Subjeett EFWAIILXTIQN OF FLI GHT LOADS ON Date: 1/27/88 AC No: 23-9
SMALL Al RPLANES WETH T, V, +, OR Initiated by: ACE-100 Change:

Y EMPENNAGE CONFI GURATI ONS

11 PURPCSE. This advisory circular (AC) provides information and gui dance for
an acceptable nmeans, but not the only nmeans, of denonstrating conpliance with the
requirements of Part 23 of the Federal Aviation Regulations (FAR) regarding
evaluation of design flight loads for small airplanes with T, V, #, or Y
enpennage configurations. Accordingly, this material is neither mandatory nor
regulatory in nature and does not constitute a regulation

2. RELATED REGULATI ONS. Sections 23.301, 23.331, 23.333, 23.351, 23.367,
23.39%,, 23.397, 23.399, 23.421; 283 4233, 23.42%, 23.427,, 23.441,, 23.443, 23.445,
and 23.455,.

3 BACKGROUND. Section 23.42M@) requires that configurations where the
horizontal tail surfaces are supported by the vertical tail, or have appreciable
di hedral, nust be designed for the conbined vertical and horizontal | oads
resulting fromeach flight condition (taken separately) prescribed by Part 23 of
the FAR CQui dance for the devel opnent and verification of acceptable analysis
met hods is contained in this AC

It should also be noted that the sinplified design load criteria of appendix A of
Part 23 of the FAR are only applicable to airplanes with conventional enpennage
configurations.

Many di fferent enpennage configurations have been certificated or are in an
advanced stage of design, covering at |least one exanple of all the mmjor types
defined in paragraph 4 bel ow The followi ng acceptable means of conpliance is
based on a review of methods used for the devel opnent and verification of design
| oads for past certification prograns.

4. DEFI N TI ONS

a. Conventional Tail. An enpennage with a horizontal stabilizer having
little or no dihedral or anhedrall mounted | ow on the vertical stabilizer or on
the aft fusel age,

b. T-tail, An enpennage with a horizontal stabilizer having little or no
di hedral or anhedtall and nmounted at or near the top of the vertical stabilizer

c. V-tail. An enpennage consisting of two panels set at a vee angl e,
upright or inverted, performng the functions of longitudinal and directiona
stabilizer. Control surfaces perform the dual functions of elevator and rudder
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a. Anal ysi s Met hods. Where reliance is placed nostly on analysis, a
conservative approach should be used. The |l evel of conservatismis dependent on
the background of information available. Analysis nethods used on previously type
certificated airplanes of very sinmilar design and performance are the npost readily
accept abl e. The degree of conservatismin any approval based on analysis only
(including data fromtechnical literature) should be acceptable to the Federal
Aviation Administration (FAA),

The nost reliable analytical methods use sonme formof lifting surface theory to
adequately evaluate the mutual influence of the aerodynamic surfaces, The ability
to analytically simulate yaw, pitch, and control surface deflection effects is
desirabl e,

Modeling of the entire airplane is inmportant when using lifting surface analytical
met hods to account for sidewash and dowawash flow field effects which can vary
consi derably, depending upon the configuration,

Less conplex methods may be used providing conservative assunptions are made

Met hods for estimating the rolling nmoment added to the vertical stabilizer by the
hori zontal stabilizer of T and + enpennage configurations are detailed in nany
reports. Appendix 1 contains a partial list of relevant reports.

The aerodynami ¢ conplexity of an unconventional tail configuration is such that a
rational analysis is strongly recomended. An acceptabl e degree of accuracy can
now be obtained using the computing resources of a personal conputer

In lieu of a rational analysis,, the limt design rolling nmonent induced by side-
slip, rudder deflection, or lateral gust on a T-tail configuration may be
estimated as foll ows:

Nk = 03¢ SH bg f
wher e Nk = induced rolling nmonent at horizontal

tail intersection with vertical tai
(Lb-fftt))

g = dynamic pressure (lblﬁtﬁ)

§y = area of horizontal tail (ff%)

bH = span of horizontal tail (ft)

B = effective vertical tail side-slip angle (radians)

The effective vertical tail side-slip angle due to rudder deflection is dependent
on rudder geonetry. The effective vertical tail side-slip angle due to lateral
gust may be assuned to be equal to 122U (radi ans)

V

wher e W= equival ent gust velocity (ft/see>

v= equi val ent airspeed (ft/see>
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The resulltiing rolling midtkdent shall% be cwmbined, as required by § 23.427(c), with
the vertical tail surface Beads specified in §§ 23.441 and 23.443. This method
does not include the effects of Compressibility or dihedral. One study shows
that 6° dihedral can increase the stabilizer rolling moment by 50%. Also, this
met hod of estimating rolling mosent is intended to be used for a statiic strength
analysis only. Aexsdynafiiec rolling noments estimated by this method and used for
input to a flutter anzdlysiis coulld | ead to unpredi ct abl e inaecewran Bss.

For airplanes with V-tails and ¥-tails, |oads should be validated by wi nd tunnel
or flight tests until an adequate data base has been established for these tail
configurations.

b, Wnd Tunnel Test. Whete relkame: i s placed mostlly on wi nd tunnel test,
t he nmodel should be suffttesmitly |arge to minimize any scale effects and allow
for installation of strain gauges, and/or adequate pressure taps. If a large
scale nodel of the empennage alone is used to maximize physical size of the
surfaces, an evaluation should be made to determine that wing, body, power
effects, wnd tunnel wall corrections, etc., would not invalidate the partial
model results,

Strain gauges installed at the roots of the aexmdynamic surfaces to nmeasure
surface loading and rolling nmonent is the preferred method for measuring |oads.
However | pressure taps may be used if a sufficient nunber. is installed to
accurately predict the spanwise and chordwise surface | oadings.

Test conditions should include pitch andyaw cases, and conditions with deflected
control surfaces,

c. Flight Test, Some flight test |oads nmay be required to determne if the
full -scale airplane aerodynamic and aetoeliastiic characteristics have been
adequately accounted for in the airlleads anal ysi s-

If flight testing is to be used as the primary source off | oads datad rather than
a validation, an extensive survey should be conducted, Instrunmentation should be
installed to nmonitor basic airplane paranmeters including speed, altitude, nornal
and lateral load factors, angle of attack, sideslip, pitch and yaw rates and
accel erations, and control surface positions.

A flight strain survey with gauges installed at the roots of the aerodynamnic
surfaces to neasure surface |oading and aeolaing rmoment is the preferred nethod
for verifying struetuall | oads; however, infflliightt pressure neasurements may be
used if sufficient pressure taps are provided to assure verification of the
spanwiise and chordw se pressure distributions on the aerodynanmic surfaces. The
airplane should be flewn through naneuvers whieh are adequate to verify the
anal ytical techniques used for the determ nation of design |oads.

Flight test verification using a strain gauge balamee to directly neasure the
rolling nonent at the top of the fin has the added advantage of being able to
check the level of rolling nonent developed in stalls, rolling maneuvers, and
buffet due to spoiler deflection in flight and during ground roll.
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d. Design Conditions. For all of the enpennage eonffigurati ons Listed9 any
flight conditiem whi ch generates a |lateral aetodyhamic load om the vertica
stabilizer also generates an aerodynam c influence |oad on the horizonta
stabilizer. Wth the exception of a #* tail nounted |ower than approxi mately
nm dway up the vertical sttablillizer,, these effects are additive, and should be
included in the design |oads.

The symmettiie | oading conditions of §§ 233331, 23,421, 23.423, and 23,425 do not
generrate a net |ateral aerodynamc |oad on the vertical stabilizer.

The unsyametriie | oadi ng conditions of §§ 23.351L, 23.367, 23.441,, and 23.443
generate a net lateral aerodynamc |oad on the vertical stabilizer and induce a
rolling moment on the horizontal stabilizer. The loads resulting from each of
these conditions which produce design lateral loads on the vertical stabilizer
are conbined with the appropriate horizontal stabilizer balancing |oad for one-g
level flight. The rolling velocities fromthe conditions specified iin § 23.455%
al so cause unsynmetrical |oads on the enpennage

The key | oading conponent for T-tail and + tail enpennages where the horizonta
stabilizer is nounted high on the vertical stabilizer is the rolling nonment that
is induced at the intersection of the horizontal and vertical stabilizers in al
conditions that generate |ateral aerodynanmic |oad on the vertical stabilizer. An
acceptable method for developing this rolling nonent is presented in paragraph
S5al

In general, for a T-tail configuration, the rolling noment is in the range of

4 to 6 times the value produced by a 100-80 percent distribution of the
conventional stabilizer design |oad, as discussed in § 23.427. Since atnospheric
gusts may occur in any direction, it is advisable to evaluate |oads on the
empennage when the design gust velocities of § 23.333(w) are applied in the nost
critical conbinations of vertical and horizontal gusts which veetoriiadllly produce
the nost critical |oads. For a V-tail, the nost critical |oads are aecemunted for
by evaluating gusts horizontally, vertically, and nornmal to the tail surface

When the aerodynanic influence of the side load on the vertical surface of a
T-tail or + tail is carried over onto the horizontal stabilizer surfaces, and
conbined with the applicable level flight balancing load, a critical condition
may be devel oped on one side of the horizontal stabilizer.

Propeller slipstream or inflow effects should be eval uated where the enpennage
surfaces are imersed in the slipstream or the propeller is located in close
proximty to the enpennage, and these effects are expected to have a significant
effect on loads. This recommendation is based on § 23.300((d) which defines limt
| oads as the maxi num | oads to be expected in service and § 23.3@1(¢)) which
requires air loads to be distributed to conservatively approxinate or closely
represent actual conditions

Figure 1 shows typical l|oadings on a conventional |ow horizontal tail and on a
T-tail in steady roll and sidesllip nmaneuvers. For steady roll, the loads on the
horizontal and the vertical surface of the T-tail are much greater than for the
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conventionall lew tail, and both produce a nonent in the sane direction. For
sideslip, the nonent due to the conventional horizontal tail |oad counters the
monent due to the vertical tail |oad. For the T-tail, the nonent due to the
hori zontal surface adds to the nonment due to the vertical tail |oad. At sone
point, with the horizontal surface |ocated about hal fway up on the vertica
surface, the nonent due to the load on the horizontal surface is zero, for the
sidesliip maneuver.
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Figure 1 - EMPENNAGE MANEUVERI NG FLI GHT LOADS

For V and Y enpennage configurations, it is necessary to increase the unit |oads
on each side of the tail surface to account for the tail surface dihedral, since
the significant air |oads act normal to the surface. Thus the unit | oads, based
on the projected area, on each side of the tail surface due to vertical |oads on
the tail assenbly should be increased by a factor equal to l/ecoes theta, while the
unit horizontal loads on the tail assenbly should be increased by a factor equa

to |/sin theta. Theta is the dihedral angle, or the angle between each side of
the tail surface and the horizontal

The followi ng supplenentary condition should also be investigated

A + 50 f.p.s. gust., acting normal to the chord plane of one side of
the tail surface at V_, should be conbined with a one-g bal anci ng
tail |oad. Reducit tont ffr downwash i s accept abl e. It is evident

that this condition is unsymetrical, since one side of the V-tail
is not as highly |oaded by the gust.

e. Acrobatic Category Airplanes. The flight |oading conditions prescribed
in Part 23 of the FAR are the sane regardl ess of airplane category. Only the
maneuvering load factor differs, i.e., the positive limt maneuver |oad factor

required for normal category is 3.8gmaxinum 4.4 for utility category and 6.0
for acrobatic category.

For acrobatic category airplanes wth unconventional enpennage configurations
the maneuvers and their safe entry speeds for which certification is requested
should be carefully considered as to the possibility of causing higher comnbined
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| oads on the enpennage and aft fuselage, than would be determned fromthe
conditions required by Part 23 of the FAR I f higher |oads appear likely,
further investigation should be done.

f. Control Surface and System Loads. Where a control surface receives
similtaneous inputs from nore than one pilot control force (i.e., from two
different control axes, being actuated by either one or two pilots), the forces
defined in § 23.397 remain applicable unless proven otherwi se by test. Previous
policy, CAM 3.211-41 in CGvil Aeronautics Mmnual 3, permtted a one-third
reduction of the pilot control forces for a specific tail configuration which
utilized conbined control inputs. Recent tests have shown this policy to be
invalid and it should not be applied, unless it can be substantiated.

Previous policy in CAM 3.211-41 al so recomended a conbi ned control surface
maneuvering |oad condition for airplanes with control surfaces that receive
simultaneous inputs from nore than one control axis. This policy is valid and
the followi ng supplementary condition should be investigated:

Empennage and aft body | oads should be eval uated at
maneuvering speed (V,) conditions with naxi num pil ot
control forces appllii@:'@ si mul t aneously on each applicable
axis to give the greatest deflection of the control
surface relative to the fixed surface. Control system
flexibiilliittiiess, as they affect control surface travel, my
be taken into account if substantiated by test.* These
incremental |oads should be combined with the appropriate
one-g balancing tail |oads.

*Note: Advisory Circular 23.683-1 dated Septenber 25, 1984, provides guidance on
eoradl system operation tests.

1 (Rorbbon.

JEROLD M. CHAVKIN
Acting Director, Central Region

7 (and 8)
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APPENDI X 1

Effect of horizontal tail span and vertical

| ocation on the aerodynam ¢ characteristics of
an unswept tail assenbly in sideslip.

D. R. Riley, 1954

Cal cul ated subsonic span loads and resulting
stability derivatives of unswept and 45°
"swept-back tail surfaces in sidesliip and
steady roll. M. J. Queiijjm; D. R. Riley, 1954

Effect of horizontal tail chord on the calcul ated
subsonic span loads and stability derivatives of

i sol ated unswept tail assenblies in sideslip and

steady roll. K. W. Booth, 1959

Determnation of stability derivatives of
isolated rigid tail assenblies in sidesllip and
steady roll. D. R. Riley, 1974

Contribution to rolling nonent derivative due
to sidesliip resulting frominterference effects
of fin or tailplane. R. W. Gillbey, Engi neering
Sci ences Data Unit, 1984

I nvestigation at high subsonic speeds of the
pressure distributions on a 45 degree swept

back vertical tail in sideslip with a 45 degree
swept - back horizontal tail nmounted at 50 percent
and 100 percent vertical tail span. Harlletth G.
Wley;, WIIliamcC. Mboselley,, Jr,, Novenber 1954

An investigation at high subsonic speeds of the
effects of horizontal tail height on the aero-
dynami ¢ and | oading characteristics in sidesllip
on a 45 degree swept-back untapered tail assenbly
as determined from force tests and integrated
vertical tail span loading. Hatlleith G. Wl ey,
WIliamC. Moselley, Jr., June 1955

Low Speed aerodynamc characteristics of a
transport configuration having a 42 degree swept
supereriittiieall airfoil wing in 3 tail height

posi tions. Paul G. Fourmissr; WIIiam C.
Sleemmn, Jr., Decenber 1978

Theoretical span load distributions and

,rolling nonents for sideslipping w ngs of

arbitrary planffor i n i nconpressible flow.
M. J. Queiijjm, 1956
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The lift distributions of wings with end plates.
wl Mangl er, 1937

A systematic kernel function ptoeedure for
determining aerodynamc forces on oscillating
or steady finite wings at subsonic speeds.
Charl es E. Watkins; Donalld S. Wéollisttan; and
Her bert J. Cunningham, 1959

Theoretical load. distribution on fin-body-
tail pl ane arrangenents in a sidewi nd, J. Webber;
A J. Hawk, 1954



