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Sezction 1. Purpose and se of This Bulletin,

{A) This bulletin is supplementary %o Aeromsutlcs Bulletiu Y¥o. 7-4,
rrevrtiiness Requirements for Areraft, in which the structural and per-
ormence reguirements for aireraft ars outlined. The meterial corntalzneld
grgln 1g inbended Lo explain and olsrify the varicus requirevients speci-
iad in Aercnauvies Bulletiz ¥o, 7-A and to simplify and expedits ‘the pre-
mbation of vechniesl deta reguired in sonnection with an appliecation for

approved itype certificats.

[2 ) b"‘:ir»
"

£ &

{B) The arrargement of chapters in $his bullstin correspoands to
that in Aeronautics Bulletin Jdo, T-A., Subjects are %aksen up in the ap-
rroximate order ia which Shey usually appear in the comlets stress analy-
sis, An effort hes besn made to reduce the work of preparing & 87ress
analysis to 2 minitmm, fables and charts being ussd wherever ccnvenlenit,

(C} Tae use of the s5ress anslysis methcda outlined herein will s.Z~
3tantially reduce The amount of time requirsd Ior checklng and should
theralore expedite the final approval of the technical date. Howsrer,
thease methods arse not required o be followed in dwtail and are presented
only “Tor the converiencs of the airplene manufacturer. Any rational methcd
of stress analysis which yields equivalent results will be accephed by ths
Department.



Section 2.

r1

~aas,

Standard Symbols.

LeL s

sec. 2

en, 8q. i5,. \J¢nb ares uNlesSs a = positlion of serodynaric zsenber,
otherwise noted.. fraction of chord; subscript
"aciualt.
equivalent drag arsa, sq. 4.
{ses Ssction 4). 8.0, = asrodymamic center.
sguivelient fliat plats ares, b = distance between spars, Traction
59, f4,. o chord; spen of wing.
¢ = chord, faseti; coe;ficﬂent e, = cantar of gravity.
constant; subscript, "ehord",

center of pressure,
fraction of chord.

subseript "drag”, d
)
oree, pounds. b
P -

=
horsepower. h -
i -
5 =

14

reneral factor. T -
subseript M1ifE" or tlewell,
- moment, It. wounde; subserisn, m -
S ] . M
momens ' .
- Mmeen ASYodyTANALe 20T
[ 2 : t i e 1 .
aogeript, 'Dormal Iovest. 2 -
-

pounds., p -

¢« Fithout sucscript, a refers tc an
badic wing referesncs chord,

drag loading, 105/sq. t.

it wing weight, ids/sg. fi.
unit stress, 1bs/ag. ine;

front spar leoeation, fraction
subseript, "fusslagse”

welo

o
2L cnor flg

acuelarat_on of gravity ( a
ft./sec.?); scbseript "zl

T
=]

positicn of wing 2.3,
froaciicn of chorl,

subserips, Mzerc 2ifu’; ;
Tahandard sea level”,

— . I - .r-,

sower loauing, lbs, IF,

appiizd load normel %o the



Seo.,.

B o=

T -
T -
\;f o

2

resultent foroe or reaction,

lbs.; aspect ratio; subseript,

L

"regultsat”,

tail loed, pounds.
gust welocity, fu./sec.
airplane speed, 2%,/ sec.

gross weight, Ibs.

e
I

Sag. 2
. s
dynamic prassure, lbs,/sa,ft.

rear sgpar locetion, fraction
of chord.

wing loading, 1bs./sg.ft.;
subseript, "stall”,

subsoript Pall™.

alrplane gspeed, miles nr.

nar
ne

unit pressura, ibs./sg.ft.;
gubseript, "wing",

arverage unis pressurs,
1bs./sq.f%,

distance measurad parallsl =o
HaAdCs, in Sarms of MLALC.:
gubseript, *

Ay
)
i

(alphe;

o
C1

= anpgla avtaock,
radians or dagrees,

{veta) - flight path angls,
degraes,

{delta) = inoremsnt.

(eta) - propeller efficiency.

{rhc} - mass density of ai-.

lied load parmllel to the

P



Seo, 3

Seation 3. Standerd Values and Formolss.

(4} The foliowing standerd values and form:las are uaeful in converte
ng £1ight eonditicns into struebural loading sonditions.

Ar Denaity:
1. A = .002378 slugs {153.,/32,2) per ou, ft. {standard sea lavel
value).

Dynanic Pressuras:

2
S Vs

-3

- q -

B

= 30’0119 A%

{whero Vy is "indice®sd" speed, I%. per sec.)

[ B EO]

= .C0256 v, (where v is "indiceded" speed, m.p.h.)
Basic Adrplane Parameters:
= WA
Yi/op o .

= W/Ay (when Ty is krown, d may be cowputed from eq. 18 ).

e I
w »
il 4]
] 1

n

-

f=h
]

Asrodynenmis Coafficisnte:

2 L. 23
o ¢ + A% N
Q‘C'R :\CL ; CDJE
T CE = GI ces 4 + On 8in
3, 6, = =0Cpsima=~Cyoccaa {positive rearmard)
o

L
.+ Gy =z Oy (x » C.P.) {Whrere x is *he dis*ance, from the
leading sdge, of the poins on the
chord aboeut which the moment is com-
puted, expressed as a fraotion of
the shord).

[<v)

v
!

Foreea, Unit Leadings, arnd Couples:

0. 7, a ¢ _4iaq (¥hers x mey be R, 1, &, ¥, C, or M)
e
11, ?D - .‘LD a
12, ¥ = Fy © (torqus or souple)
= GyAqC {vorgque or couple)
- .
15. k) b _a'H 94



Sa‘sw -y SQCQ 4

15, Fpr = §5C v HP./V,  (propeiler thrust, pounds)
Speeds:
p; 1 / 1> S 3
6. T oz 77.8 (Y i/pa)s (R/A )z (&6, por sec.) z actual air
" apeed at
air dengi-
ey i PA
17, Vg = 29 (8/Cq pee)”® {ft. per seo.) = indiceted stall-
ing spesd.
1
1. TV, =29 ()% (£%. par sec.) z indicated theo-

retical maximim
vertical speed.

(NOTE: Two value of ™4™ should be the same as that
uead 1n, or determined from, Eq. 16.

L
15. ¥y =T, {p/R)* whera ¥y

o indicatsd alr speed.

actual air aspeed.

standard demnsity of air

at sea levsl.

density o? air in whioh 7,
is attalned.

e

R
fa

"

20, a1, = m (U/7) = change in C; due to gust.
2. An = A¢C; (g/s) = changs in spplied load factor dus to
gust,
Section 4. Gomeral Asrodynamie Information,

l\; s

g
fu

A) Teinitions. (See elso Aeromsutics Bulletin No, 7-A, Seca. 12
Sy SR AERORS
Y

(1) Aerodynemic {enter - The peoint on the wing chord, exprsssed
a3 & fractlon of the cherd, about which the noment osefficient is sub-
stentially conmstant for all anyles of attack. The theoretiocal looation
is at 25 percens of the chord. The actual locetion may differ from the
theoreticel locatlon and wmay be determined from the slope of the moment
coef'ficlens curve as cutlined in Saes., 7 (B)}{3).

(2) Dreg Area - The area of a hypothetical surface having an 2b-
solute drag 7 soerfieciers of 1.0,

(3) Eruivalent ',)rng irza = The drag arse which, at a given value
of dynamis I Drssau-e, w._1l produce the sams aers dynemie drsg as the body
or combination of bodiss under consideration, {(Note: Ap u 1.28 Ag,
where Ay i3 the equivalent flat plate area] .




1 r o
CRCs TS,

{B) Coefficieuts,

[Rr

h - * - . - - . = -
(L) The coafficlents used in Asromri“ics Sulletin Io, T-4 ara
beolote (nen=dinensional ) coelfisients, when ﬂpﬁ7i5d T2 an airfnil
surfaca of ziven aroe tzey'relraaenf the retiu ntwve* an eohufl aver=
pressurs relerrad girfoi: end
dymanic pressure corve 201 -
;o .ﬁ ’—-l‘-r-n—-—-)(.- e R R .

2de  Tho subscripts detod is
ad, but do not cheange

{(2) The subsc“*pts "L and "D" refer to normal to
and rarallsl to the reisztiva wind, whils the : nd o
rafer to dirvections respectively rneormel to and o L1lel o th i
wing chord, Sntscrizt "RY refers i éir tan
feroe Thesgs wectors are *QIU"ﬂ”y' Jimuras 1 and 2 « Hnem

the dreg trugs and 1196 srmossns do nob eoincids ra-
ta the plemes of the basic chord end Lhe vians «f the

neroal for ; soprractlsn

]
r

3
"

requires an upward Tores ad

sonversicn of cﬁuuer of prassurs
out any given point can be sasi

in Secticn 3 . It should be not

e

e

sha
the eerier ~fF
%

c G T ki
womert goofficient are nlter Jat ure and can mr i bolh he

hy vo in nm ki
uasn ot the same time.

{4} The stendard airloil characterisiics are shiainabls for
sonvontional eirfeilz in the form of N.A.C.A. Zeporta and Tachnical
Notss, rfor stress avnelyals purposes ceriein corrseticns ars

Lailed procadure Jor raling sueh cerracticns iz oub-

,,P‘W1Ef“a 'J

talls will po oo
1) !

if the prepellar has an app roved Lype

inmgerted om Ltz epnlication blank, I fhe prov

groved, the airplane m.aufecturer should recuest i

turer o submit the neczassery stz Yo the [Deparitmsnt for approml sod

sheull infeorm the Department thet this has been done

o
=t

£

-8 w



(2] Apvroved whesls end tires, or f{loaty, are required amd
such cOT-.‘IpC?LB..l‘L; should T e giver thelr proper medel rumher or sizs in
the applicetion blonk. If not apsroved, or if aporoved for a lower
load than %thet for whicn sy are to be used, stens sbould be talken
by the airplanse manulachturer as oublined in Paregraph (1),

’\3) The shock sbsorber should be desigsnaied oy en 1den sify~

ing mocdsl numbnr. Shock abacrbers ars B.:)DrO'VtJ. for ewch in Ll\Tldudl
instaliation, invoiving tho type and geom:bry o¢f laadineg gear usad,
gize of Tire, and the nr,_tgwt of the airplane. Unlsss all three of
these factors are rubgcantially the same 1a two different cages, ar-
provil of & shock wbsorber for ons ceze does not extend to the seccnd
case. When the shoel: abscrber i3 to T2 suppliad by a different manu-
facturer the responsibilit, for the epp.oval of tre shock absorber
sheuld be deflinitely determined and the Deparitmont should be informed
of' the arrangemsnt sgrasd upom.

(4) The proper model mmber of the enginss used should be fur=
nished. When tue engines to Se usged have nmot Lzen approved by the De-
sarmnent, the exgine me.ufaecturer should be reguested to submit the
zecessary dats to the Departaenc.

(5] One copy of the applicaticn for approved type certificatas
should be notarizsd, Esch copy sho:ild be completely f£illsd mut, list-
ing all the data required uwader =sch ivem.

(B} Technieal Data - Abtention to the following list of frequently
omitted items will be ¢ mszistance 11 expediting the work of the [epari-
mant:

(1) Drewing 1:sta.
{2) Tldsts ¢f standard equipment.

{e) Items such as salety belts, position
lights, and specia. tarottle controls, which reguire individual
appreval, should ba gvecified by medel mimber and th: rame of the
MU ASTATEN .

31 Comlete dimensiors and rsfersnses o standsrd components
g thres-view drawings.

{4} Zigraturs of engineor responsible for the stress analyses,
{2) Adequats material specifisations om all shop drawings.

(€) Lecationm and details of sonk
loaesion and naturs of contecil surl

) Trawings

ol gystem pullays and bHracikeis:

Tor gupansion space in cll tanie:.



Sec, B

(#) Adequate drewinrs end dsssriptions of the cperation of un-
conventlonal mechanig:ta susa s Flag, tad, and retractable landiry gear
sortrol devices.

{¢) Revision ions. In submitiing dat: for epproval of -evisions 4o an
anproved tyie airp.ans the pertinent corrsoted pages of +'.e drawing lists
ghould be attached. Falilure to state the ferticalar mcdels to which the
- revisions apply may result in underirabl: delvju.

Tha secial nuwrders of
the sirplanss to which the »svisions are o zoply sheuld be ziven in all

' cages where soms existing aerTaLes are nct %o be chanred. Albernats in-

stallations ﬂnould ba o derignated and properly Indicsted on the drawing
.LiEJ S e

Checking of revised drswiuzs of relesivaely large siza will e expe~
dited if the chanrs letiers ars a130 printed in two perp zdicular margins
cpoesite the letter on the drawing



sec. § Q.

Chapter I - BASIC STRESS ANALYSZ3 DATA.

Section &. General Design Detba.

ing

(A} For refersnos purposes, it is dasirabls %o speci fy the follew-
graneral information at the beginning of the stress analysia:

(1) W = maxinun gross weight, pounds.

(2) A = effective wing erea, square fset. This should apres
wizh tue reauirements of Section 12 (A), Asronautics Bulletin No. T-A
and can bs devarmined graphically as a part ¢f the proocedurs oubtlined
in Section 2 of this bulletin,

(3) [P = totel rated horsepower. Thisz should bs based on the

arprovad oubput for the engines used. If sltitude engires are employed,

the altitude ab which the :&tlng applies should be statsd.

{4) Ap = entimeted total drag area ot algh speed, sa. ft. See

Secticr 4 Zor definitlon., When the wvalue of Vi i3 lown or has been

estimatad, Ap can be detverniued by seolving ecuation 16 for d. "aen 1t

is desired to satiaate 33 first in order to cumpute the value of Vi,
the squation Ap = Agn + UDRW can be used. Typicel values for AD#

(érag arss of airplene lass wing) are given on Figure 4. Cp can usual-
1y te agsumed to Lo the minimum drag scefficient, whiich 1s approximates

1y 0.01 for conventional airfoils.,

() 8 = wiig losding, lbs./8q.7t. (Bouation 3) (Based on maxi-

WM groas woelghb)e

(8) v = power loading, los./UP. (BEquation 4) (Besed on total

rated power).

(7) 4 = drag lomding, lbs./sg.ft. (Tguation §) (Based on maxi«

A
murl grods welght).

(8) ¥, = estimeied or measured indlcated high speed in level
flizht, £t,/38¢. Then the mecimum actual walie of Vi ocours at
sertain 2lbitude, tie correspeonding indisated walue is obtained from
equaticon 13, Seciion 3. The actuel alr speed at any albituds may ba
estimated by the use of scuation 18, in whaich the value of Py should
hessd on the vowsr avalilable at that altitude, See also leronaubics
Sulletin Hos 7=4i, Secition 11 (I) and Section lx,

(3) Vg = calewinied stalling spead, ft./geca This speed cen
he dsbernined frsm eguasion 17, Sestion 3. “When wing flaps or simi-
lar high«=1if% deowissy are uSad, #he stalling speed should be calcu-

lated for the Two extreme f{lzp positions uaed.

Da
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oy Vﬂ = maxcimum veriical welsoeli {v‘th zoro propeller
}. See equation 18, Jection 3, and jersmeutics Bulli=tin Wo.
i, Sec:_on 14 (C) 1

of the a;r;lane. See jleronat letia Yo, T—A, Section 14-{) oy
miaimon vaiue. The squabion for the minimum =alusz of V. 13 designed
ta provide for the followiny 2 a

’

{a) Probepility cf exne
fiight, (Vg cmn never be leoss than pr

by Zffact of oleanness and welight on the zlid
wnich cen Be attained at a tiven gliding angle. 3Both ©

ties ars lncluded in %the term V.,, Propeller drsy at termina
not ellowed Tor as the formala will not zive values of ¥
cugh to causs the propeiler thrust e reverse in dirsction.

{e) TInfMusnce of airplans size cn the maximum speed 11%61"
to 5s usad. Thse facter Am is an empirieal faocter bassd on the wa

Thi
ight
of the airplane. I%ts uurﬂose is to provwids higher design glidinb
speads for amall, hiznly-meneuvwerable alrplanes.
Beﬂt"n 7, Determinasion of Jorrected Airfoil Characteristics.
esentad i- + d form

The bagiec airfoil cherscteristios as p

et asually bte corrsetsd and several additio

plottad for uss in the 3fress analysis. Sim llfled aquations ars Outllned

below for wiids purrcse ari Takle TI hes been oompllel Lo faeilitate the

nunerieal work, The results should be replotted ia a convenient form suech
s that shown in Pigure §, wheres Cp 1s uszed as ths basie coeffieient, in-
tead of anyls of attaclk,

T
i

{1} Tffacts of Aspect Ratio. The methods of correoling for aspsot
ratio are wall defined and are outlined in wurious text books and reverts.

Y

e Tollowing equatlons may be used in this gonnecticon:

(1) R a2 (¥b)% /a

i

Whera R

= aspect ratio,
¥ = Muni's span factor for biplanes,
{for nomoplanes & =z 1,70
b = snpan ot 13ﬂ?t3t w;kg,
A fot luding auy ot icn



(2) ¥ « 2 o1 o 1. 0,1887
R Rp R

There K = correctinn Factor

(3) ¢ zag+ 18,24 KCp, (items 2 to 4, Tazle II)

=7
®
s ]
°
|
(#)]
!

angle of ettack {degrees) for & ziven
Cy, when asnect ratio iy €,

a = angle of attack {degrees) for =zams Sy,
when aspect ratio 1z &,

(4) Cp = Cng+ 04818 K C;®  (Items § to 7, Table Ii)

Dg = Cp for given Cj, when aspect ratioc is 6.
] " " " " 1 n T R

3 + §/T
Thera Zg = slone of 1ift ocurve when asnec, ratioc is §.
m = " 1 n " n i . o)

(R Computation of &dditicmel Characteristies. As indiceted in
Table 1I, certain additicmal cheracteristics are desirsbls and they mey
be determined <z cllows:

{1} The aormal force coefficient, Cy, can be determined from
Bauetion 7, Seoticn 3., The steps involwed are shown es items 2 tu 12
of Table Zi. -5 wiil be found thet Cy is slmest ideavieally squel to
Cr, for swall values of the latter. This may not be true, hewever, for.

aneonvaationel or medifisd airfoils, such as these sguipped with flaps.

Lo chord forece coefficient, Cp, 1s determined from Bana-
tion &, Secwiiit 3. The ztaps are outlined as items 13 - 1o ¥ Table
TT
sy

{2} I %s mement ccafficient shout the serodynamic cenber, bha’
is znot uzually ziven in airfeil “eports. In scme cacges the wonent co-
affisiant aber® zhe marber chord poind MC/4 iz plotted agalpes Cp.
L ovacon 4 3traicht line ocan be drawm %5 Fit the Oy 7, cirvs az
w8 rossible.  Zee Tlgure £,. The average walue 3’C4a is then
Ceomnothe stredziht line where Up 2 0. The rosifion of The aerc-

dynamin ranter oan tien ce odtalined Dy the f2llowing equation:

A 2 W25 = [{yg = Cye v
Mt g
Thars 311 is the velue given by the atraight
line Do GMb/h waera Uy = 1,0



Sace T

441

o0, T

o

A4} The walues of & and Cug can also be obtalned directly from
Cefs owrves &8 cublined in steps 16 and 17 of Table 11, in walceh the
Taluer of Cﬁc/l ars determined. These 7alues can be plottied egaivst
Cr, exrd the process for determining a and Cig cen then be corriad oub
£ cutlined in Paragraph (3) sboeve. In any cess, the operations should
be sonfined to the walues of Op which lie on the substantially straight
portion of The lift coefficieat curwez.

A 1 - - >
(5} The value ol GM& can be separately debtermined for any siven
value ni Cr, by means of Tie squation:
e b
Gor = (.43_‘;/ - (8- = .25) CN'

siley
‘

=

it may be advisable to plot
wnleh o not nave a welledel:

andsr 1t 18 of Table I1 fo:

1sge values for urconventiomal airfoils
rad aorcdyoamic ceater, Jrovision is made
determining loecal wvaliass of Cme.

Td
e
-y

{C) Zxbension of &ha“aauevl tle Curves., In the accelerated flight
itions it is zozsinlia %o c;JSel; approacil or excaed +the meximum value

shewn on the basie airrsil charactarisitis curves wicshout the break-
dewn of the flow charsoteérized by the change in slope of the 1lift curve.
The curves to be used for strsss analysis purposes can be extended to re-
nrasent the affect cf a gudden change in argls of attack by the following
EPPI‘ oximesiong:

(1) Referrins to Figure 5, extsnd the curve of sngle of atbac’,
& , to higher wvalues c¢f C; by mesrs ¢l a st“aight line colneciding with
the subsban®ially stralghs pcrticn of the originel curve. The walues
02 a =0 ob*ained srould be emSered in Table II under item 4., (The

dotted linez in Figure £ imdiicate extended wuiues).

Hy

(2} Determine the induced drag woefficisnt a3 owsiined in itenm
le IZ. R and X are defined in Peragrsph (A)(1) end (2).

£3) Tetermine the profile drag coe?fleient Cp,: 1tem 20 of
Table IT. Plot thess values for the origiral straight portion of ths
Cr, enrve and extend the curve o cbtained 2long the same gensral path
followed at the lower values ol Oy, a3 shown in Figurs 5, Enter the
values of Op, “hus obtained under “item 20,

(4) TxsSend the Cp curve by determining the values for item 7
of Table 1I, a3 indicmted,

{3) The Jy, curve can be extended ss w hovizombal stralght

&) The extended walues of Cy and Oy are detsrmined as Indi~-
satsd wndsr Ztems 3 to 16 of Tabls I7, using the extended values of Cp.
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Fe o C .. :
\7) The C.r, waluss should be extendsd by means of the squa-
tlon
CaPe =3 = (s //C,\;

using the sxsended valuss of Oy,

(D) Binlane 3 v6a. The offects of biplane intarisrsace c¢an bs con-
reniently sceountad DY a ﬂuitebla modification of the corr~ched air-
21l characteriatlc curwrs; illustratad in Figure 3. Tha modificaticn of
the wvarious charact Tor aach wing can Heo carried out as follows,
relarring to Table

(1) Lifs Coefficisnis. The imdividual 1ift ccefficlent for
each wing should be determined for the useful range of averaze 1if% co=
effdiciant, Cp, (Item 1 of Table Iijs N.A.C.A. Report do. 458, "Relative
loading on Diplane Wings', caxz be used “or tils purpose. This method
derivea increments which ars addad 9 and subtracted from the average
1ift coefficient, Ihems 21 o 24 are provided in Tablie II for this pur-
pega, When this method is applied to wing arrangzements incorporating
consideracle overhrag, further corrections may be rsquired. A svecial
ruling should be ragusstad in such casecs, vending +the publicafion of a
sulzabls report on thiz subject.

(2) Hormal Force Coeffisients. The corrsctad normal force co=
fficisnta for sach bdiplane wizw ars vlottaed on Tigurs 5, These valnes
cen be ditermined from sha sriginal curve o nvsrage normnl fo ﬂe co8L -
ficisnt by using the correctsd walues =f Cp under Itams 23 and 2
Teble II.

(2) General Charschkeristiss, 1% is not necessary o plos the
remaining characte-iscics fur Giol Dipiane winz as they ean be weadily
determined by the following method. Given a desizn walue of the aver-
a9 Oy, the corresponding peints on the Cy curves for each wing ars de-
termined. The individusl walues of biplane {f corrsspondizng to wnhe
biplane Cy are determined by horizontal lines 1utersecting the averags
Cy curve. The wmarious coefficients for eacih wing are then detsrmined
Tor these walues of {., as iIndicated by the vertical dotled lines on
Flgurs 5.

‘_t‘

Section 3. Detarminacion of Cepter of Oravlty Fositiona,

{A) An outline drswing should be made, to e suitable acals, showing

She agtual location of the senter »f gravity of each iism or zroup of ibems,
It is desirable %o designate sach iftam by a number on T.0 drawing. The

horizomtal and vartical raferancs azes used in compuiing the moment arms of

<he isewa ghould bo shown on the drawing, This drawing should alse indicate

une local ion of She mean serodynamioc cherd and the mean merodynamic center
{52¢ Sece. 2. Thess zhould be referred, »y suitabls dimensions, to con-

vonient relsrsnce pointz waich can be easily locatsd cn the completad air-
planes For instance, the centerline of a maln fittinr bolt or a similar
definite point can be usad for this purvese, This will facilifiate final
checking of the center of zravity locsticons from the flight tsst report,

[ ]

o
ey

(B) A balance “able should be trepared, spscifying the weizht and
meaent arm of each item with refarsnce to the horizonsal and vertical ro=-
forgnice axes.

- 13 -



Sec. 9 Seg. 3

(¢} Tha balance table should slso incilude the sumnation oF She
products ol the wsighits and distances, from which the Pollowins centar
of zravity positions should be determined.

(") Airplane fully lsadad.

(2) Alrplane less landlng gear {or flcats).

{3) Most forward c.z. location for wiich approval is desired.
(4} Most rearward c,.c. Leeation " " ' "

A ™

Section 9, Determinatbion of Resultant Alr forces,

(47 4 general method will bs oublined for determining the mean sf fec-
tive walue of the norael force coefificlent, the averags moment ceafficisnt,
location of the mean aercdy:wmis center and valus of the mean aerodyrzmic
cherd., These factbors are nosded in order toe dstermine the balaneiny loads
For varicus flighc conditicns. Thae most general ceas will e :oasidered,
so that certain steps can be omitied when simpler wing forms or spaa load
distribabion curves are involved.

(B) 1In generml, the summetion of all the forces acuing uvon a wing
can be expressad as & single resultant force acting at a cerbtein zeint, and
a sounle or mcuent of air forces anout this point. If the point is sheosen
sush that, at constant dynamic oressurs, the moment of the air forces does
not anprecisbly charss with s chengs in the angle ci achack oI the airfell,
the »oint cen be considered es the msan asrodynanis centar of “he winz.

The resulbant force can be resolved imto the normal and chord SOLPONeTss
and ropressnted by ths average ccalficients Cy and Ty, whiles the moment iz
represented by the average mement soefficzient, C-;, times a distance wnizeh
can bs considered Lo be the mean aerodynmamic chord. The values of the
goove quantitles and the location of the mean asrcdymemiz center will de-
peond on the ulan ferm of the wing and the type of zpun diztridution surve
agsumed,

(C} For conveniounce and clarificzation, Teole IIT has been developad
and the various curvsd cbhteined as a part of thls mechod are illnutrated
in Fizuares 6, 7, and 3. It siould be nartlrularlj noted tih .t when the
ayes. under a ocurve is raferred to, the area should be exproassed ia zhe
items to which the curve is drawr, nct in the actual uniss of measuranment.
The procedure is as follsws:

{1) PFizure 6 (a) illastrates She actual wing plan form; slettad
tc a suibabls scalss This siould agres with the deriniti. 1 of affective
arsa outlined in Secticn 12 (A} of Aercmeubics Bulletin Mu. T=A.

(2) Firure & {b) shows the variation of wing chord,
span, The walues of O are entered im Table III as item (2). 1%
of the figure should be accurately determlined and converted o the
propor unita. It should ve spe-nalf the wmlue of offectlive wing area

1s
specified in Sectiom & (A), item {2).
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(3) Figure 8 {e) reproesents an assumed span distribubtion
curve. Ths factor Ry repressitts the ratic of the actual Cy et eny
point Lo the walue of Cy, et the root of the wir-, Values of Ry
from this curvs sro enterad in Teble III undsr item (3). The spen
distributicn curv:s uvsed in the apalysis should correspond %o the re-
quiremeuts of Asrorautics Bulietin Wo. T~:i, Ssction 20 (B).

(4) Figure 6 (d) iz obtained by pletting RyC (i%em 4), Table

iII) agai st sven. The crdinates of this curve are proportional to
tre actual foree distributilon over the spar, The ares under curve

{3) should be eccurately determined and expressed in the proper units.
Xy, the ratio of the mean effective Cy to the value ol Cy (at the
root) is coteined by div.dimg the area under eurve (d) by the arss
under curve (b), using the same units of messurement for eech area,
This velus of K, i3 indicated by the detted lins on curve {a).

(2] To debermins ths losabsicn of the nean sercdynamic gsanter
glepg the spen, Figure 7 (e) s drewm. The ordinates sre obiained by
mltiplying the crdinetes cf curve & {d) Ly their distance along the
span, a3 shomn in item 5, of Table IXI. The srea under curve 7 (a),
divided by the 2rea under curve 6 (d}, zives the distence from the
wing reot o the cuord on which the meer serodynamic center of tre
wing panel is loceted. This distance is indicated on Tigure § (a]
by Tthe dimension B.

33 of the asrodynamle centera of eaeh indivicual
i1 eon Figure & (a) as the dotted line 4-3, In

Tapie IIL, the digiouces X Zrom the bheae line 0-F o the line A-B

are sntered under item (6).

{7} Piguee 7 (b is now plotted, using as crdinates the val-
ues of Fb C;:pbtained from itann 7 of Table III., The arsa under curve
7 (b) divided by the arss under curve & (&) gives the distence of the
neen aerodynamic centsr Trom the base line 0=%, of Figure € v&,. This
distence is indicoted as & on that figure.

(8) If it ig assumed that the moment
serodimemis center of ench indiwvidual chori

of the mean aserodymamwie chord
& ' The ordinstes for this ecurve
g o IIZ. Tho area under 7
53 {2} gives the vnlue of the mesn
traticn, it iz Arewn on Figurs 8§ {(a;
ter coincides with ire lcoeation of the mesn zerodynsmic ¢
wing panel.

3imilar is
to phtain the mesn ¢
ficiznt %o be used for calsnoing
tion with the mean serosdymamic chord previcusly &
aggumption of a uniform mement ecoefficlert disiri-
TI1 under itm 8 the leczl values of the roment co-
i e zrtered, Thesa sre alge

raes in whlch wing
the scan it is des
2

Trig is the co

iept about the asercdynamic centsr ar
as Figure 8 (2] to illustrate a tyme of distritution which might

[y
i

-1



Sec. 19 San. 10

(10) Figure & (b) is plotiri from the values indicated under
item 13 of Tabls III. The ersa under this cwrve divided by tae area
under curve 7 (o) zives the woan ef'factive value sf ths moment ccerfi-
cient for the entirs wing ranal.

tor]
5
]
=
H
]
o
o
H
O
C '
t
1!‘
ot

c the above mwbhod for determining

iticun of the mesn aer ofypfm;c senter is bDased on the assumptlon

wirg 1s net twisted. For a twisted wing, a differert span

on weuld exiss for acb angle of attack., Under such conditi-
: i poak whieh the moment of ths eir forces
e} ies of attack, The loeslion of the re-

forces oven, however, e deterwined in the above marmer for any
87

Seeticn 10. Hesulbant Forces on Eiplanes.

(4} The mean morodvuanic cerxher logstlon and the value of the mean
asrodynanic cherd for sach wing panel can be found as cutlined in Seeticnm
. When wing fi-ps are used the mean eiTective mement coeffieient for
se.cn wing panel should also be obiained., For a given Ilisht condition,
the values of Oy for each wing ocan be debermined from Figure 5. The loca-
tlor of tThe mean aerodyrnemic conter of tihe biplans sad ths dztermiration

the resultext lorces und moments can be secompliished as follews, aofer-
ring te Figurs 3:

(1) The mean asrodynemic center of the biplans cellule liss =«n

a straight line cormecting the mean merodynanic ceuwbers of tae %ﬁm wing
vanels, The location on tire line is determ+nea from squation {a;,

il T [

LArE € Ve

{Z) Ascuming thet 4ieo mean effective noment coeffielent is +the
same for oach win anal, the malue of the mean aerod iec onord for
£ p P .
tho biplane iz determined from aguetion (b, Figure 2,

! £ =

(3} If the mean ¢ffective moment ccefficisnts Por the 4two win
san:lg are diffasremt in wvelce, the effective mouwens ccelfficlent {fo- the
il iene can be cdetermined from equatico {e), Figurs 5.

_‘»
D

5} The mesn asrcdynemic conbter oFf a UTiplare, as determined in ars-
(A}, iz based op the relativo waiaes of the normal forces asiirg on
¥ing. Wheo tha averags nerwael forca aL.,iOHﬁ for the eriirs bi-

~
]

. . e ) e 2 e
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Sec, 11 Sec, 11

A - .
(1} A sinele nominel location csn be assumed for the meen
aercdynenic ocenter for all the balsreins conditions.

(2) Ther wo different spen dlgtrihutions ars requirsd, the
more noesly constant span distribution may te used in dstermining the
nominel mean aercdvnomic center ard M.A.C. (In tho requiremssts noe
outlined in Asrcmautics Bulletin No. 7-4 & consbtent span distribution
may be ssswured for this rurpose).

(3} Tho comuutacions may be made for an wveraze value of
Oy = 0+5, unless the Liplane has an upususl emount of stagger, da-
calage, or i3 ctherwise unconventloral.

{4} Then the use of a sirzle locefion fow the serodynmsmis

center is not suffieclently acocurate, the computation of the mesn aero-
dynamic center for the eutire bipleme should be omitted and in belanc-
lag the airplane sack wing should e treeted as a separate unit.

Section 11, Design Flvipng Conditicns.

{4) The Pasic design flying conditicns are cutlined in Aercneutics
Bulletin Yo, 7-4, Section 15, Thes=z conditions are used as a basis for
the determination of tihe exterusl lecads actirg on the entire airplenes.
For convenience the fiight conditions are grephically illustrated in Tig-
ares 1C0. This chart -an be dupliiceted as part of the stressz analysis, re-
placing the symibols 2ud eguetions by the actual wvalues ussd, Sueh a pro-
cedure will facllicate checking snd the examination of revised deta.

(3) Conditicnm 1. (Sec. 15(B) Aeroumautics Bulletin No. 7-A}. This
condition is lluSE}aued graphically in Flguwre 11. It is primarily de-
signed to represent the conditicns at wirdch the hishest positive accelera-
tion or leoed fesctor is likely to be obtained., The walues of aceeleration
specified in Section 15(B), Aercvnsutiss Bulletln Noe T=miA, ars based on two
separats possibilivies. The first equation, (a), repressnts the approxi=-
mets accelerstion develoved in snecumbtering a sharp-odged gust of SO feet
per second while filying at thes speed Vp. Th» second squation, (), is
gsemi-empirical and is based lerzely cm past experience, as sxplained in
Seation 13 of lercmautics 3ullstin No, 7=A. It rewresents the highest ap-
v1ied acceleration which i1 to be sxpected during mansuvsrs.

]

{1) As it is possible to develep the applied icad factor fov
Sondition I in varicas £lizht attituﬂas, a defipite rangs of valves ov
Zr. is ineluded, as indiceted in FMigure 11, This &r'reanundu
cazunpiicr Shat the appllied lcad fa-tor will be Axve
somewhat below the 2igh spesd ¥y, bthe Lowest spesd
ted with the value of Ury.,. The modified Flighv
sxplained in dstzil in steceeding sections, =rs inbe
ths eifscts ¢f this wssumption and wre 3o sp-aified as to regil:

folram amount o investigatione.

3

[
~1
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{2) It will be notad that in Condition I e walvue for the C.D.
ig specified, inetead of the moment coeeffiolurni. If 3L ip dss
1nd the mement coeifiosiernt to be used in Condition I, the waluase of
@.,.T and ﬂI, can be ingerted in eguation 9, Section 3. In the case
of B Hin;ene, the proper csrrestvion shiould first be mude o the upper

wing C.*r.

(3‘ The arbitrary ssswotion of Cp = =.2C Oy is besed on an
averaga Iimars for CC at Cr Lonee This essumpiion i3 eguivelent to
assming Oy $o be Thnt at f " and adjusting the desizn suead So glva
the apn’*ﬁi loud factor reguirsd. If the gust sondition causes +ths
Talue o Cr %o sxcead Oppo-. the nesative design chord coefficismt will
ugually be greatcr then the arditrary wvalue spnacified.

¢ PR -~ - - N . s P N - N

{C) Corndition 1. {Sec. L5{C) Asrconautice B.lletin Ho, 7-A), Thi
corniition renresents the eflectz »f ﬂﬁcoun*er¢nﬂ a covmuward gust of 30
fegr per second walle flyine o% the speed © ™m coefficienta to Lo used

are graphicelly iilustrated on Fizure 11, Thn sagummtion of a zsro cherd
goeffisient iv sertain saszes iz aot a recuirement, but is narmitied in
crder t¢ simplify the snalysis.

{D) condition III. (Sec, 15(T) Asrcaautics Bullsiin No, 7=
gondition resresends an upward acceleration of the sirplans st itz desizn
giiding spaed I,‘ The ecczifizlents to be used are showan griphieanlly cu
Tigurs 12, A= in bOndﬁE;OL I the applised load faector is consildsred wo be
produced either by a *usu or by a maneuvar. As the speed V; is the spead
at whixh the alrplane will nrobebly be fluwn least, the gusr lc=d Zactor
formila I3 based cn a gast of 15 feot per second and the srbitrary wmlue
of *“as apniiad acceleration requireld is less thaa that for Condition I,
Trig 15 further jusbifled by the fact thalt for a conventicnal 2-spar wing,
the value ol the apnlied load Tacior affects the rear sper lood much less
then the values of speed and moment coeffisient used and is therefors re-
lewively wnimmertants For other types of wings, the wslues of speed and
moment coolficlent are ageain usuelly ths mest i-mortant with respest o
torsicnal leadisy, the maxlmum beam loading belig oo,aiﬁed from Conditicon

AT Txlls

The wae of the inoroment for the momont coofficient iz ox-
ined in Aaronautics Bulletin No. 7-2. The nature of the momani co-
isient is such tkat a siigh % wing rid distorsion or alleron deflso«
inn will hewve the zrestest silect on those airfecils wnich have tha low-
st monent coefficlants. The use of a multiplying corresticn fechor in
%1 5 case would bherefors be irratlional, as the opposite effsct would De

la
[ il

cnd-m'ut

sotainad.
1T} Comditiom I7. (3ectlon 15f2} Aferonawbies Bullstin Lo, T=A).

This condition, illusg¥rated on Figure 12, reprassotia

uhe effacta of encounterirng a "down™ gust of 15 feet per second while fly—
at whe design gliding speed, Vy. The considerations ocutlined for Con-

& A
ion III in the precsding parsgrash apply alsc +o this oondition.
bl

":;
—~4
“d

32
=)
L

* "Tmymrd” and normel te flight oath,
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Sectlion 12, Balancing the firvnlans.

{4) Tie besic desiza conditi

ons muss be cowverted into conditieons
reprasentling the exbierual loads: appilsd 4o the airplane, before a comleta
stress analysis ecan s made. This process i3 comonly relerred to as
”balaﬂclng the airplarns and the finel condisicn i referred to a3 e con-
iiticm of Meaquilibrium", lAectually, the airplane ia in eguilibrivam only
in s*eady vnageeleratad “liznt: 1o accelerated condiiicns both linear and
it

sngular accelerations act %o changs “he valocity aad ahtitude of the air-

nlane, It is customary Lo Pen;u%ah, a Jdypamic condition, for strsss enely-
is purposes, as & sTabic she expsdlent of assizning te esch
the increacs iveh 1% resists acesleration., Thus

the total applisd load ssiing on the airpians in a cerbtain dirsction is

n' times the %Hotal welzht of ¢ lanie, sech Liem of mass in the ajiv-
nlans iz assumed to act or ths e shprucrture i an exacily ovposits
directlicn and with a force sgual o' fines its wolzht.

If the net re-sulbent moment of the air forces acting on the air-
nlans 12 not zereo, with vresvect 4o the center of gravi:

selarz-ica results, An exach analysis would reguire the commutaticn of
shig angular acceloration ard its apvlicetion to samch item of mass in the
airnlane, In general such an snelysis is not zmecessary, except In cerdtain
mmsymuetrical conditions. Trhne ugual expedient in the cass of the symmetri-
cal flyipe ccnditions iz to eliminats the affects of the unbalanced ccupls
by applying a valancing load rnesr the taill of the airnls-e in zuch a way

o

2 Z

that the moment of the wotal applied Zoree about the cemier of gravity is
raduced So zerc, This method is5 partisularly convenlent, as the balancing
~ail load ¢an them be thousht of elther as ap aesrcdmamic fores [rom The
tall gurfaces 3r ag & part ol a coupls aperoximetely representing the avgu-
iar inertia foreces of tho massea of and in the alrplane, Considering a
—ist conditieon, i%t is probable that angular inerwuise forces inltlally rasist
most of the unbalancad couple added by the gust, while in a more or lesa
stzedy sull-up conditicn ~ne tail load x2y zonsist enbirely ol a balancing
air lead from the tail surfaces,

[

The following generel essgumpticns are made In balaneing the

{23
{23
. -
ke Brslie I
fore made T
-4 oL A -
age] 1@»
i I .
T Lo ; £ a
-na net Load rfmator ma agsgamsd B0 aos 2v The nsntar of




Sec. 12 Sec. 12

(3) Assuming that it is possible for a load %o be scting in

ths orposite direction on the elevator, it is recommended thst the
center of pressure of the horizontal tail be placed a®t 20 psr cent
ol the mesn ciord of the entire teil swrface. This a“b;txary Toca~
Tion mey 81sc De considere: s the noint of application of inertis
forees rTesulting from angular accelerstion, thus simplifying the bal-
A7cing Process.

{4) 1In Figure 13 the external forces ars assumed 4o be achbing
a5 four pcints only. The essuwuption sen generally be made that th
Tuselege drag acts st the cemiar of gravity. When more accursis data
are svailable, the rssultent fselage drag force can of pourse b s com-
rused end applied st the proner point. In cases wisre larre independ-
ent items heving comsiderable drag (such as nacelles) are present, it
is acdviseble to extend the set-up showxn In Figures 17 to include the

additional external forces.

(D) As shown in Fizure 13, s convenisnt refersnce avis is the basic

ine of the mesn serodymamic wizg chori, (The basic chord line is
the chord lins fo whieh the sersdyromic coe¢f;cienﬁs are referred end is
usie l“y spoecifisd along with the dimensions of the airfoil sestion}. The
% of She gize and Zocatlcon of the N.A.C,. iz outlined in 3ec-
ticns 9 end 10. If any other refersnce axis 1s used, thse design aerody-
namic ccefficients cannct be ussd dirsetly in the cerputations.,

b A tabuler Torm will simpliify the computatlons required to ob-
ta & talancing loads for wericus flight conditlions, A typleal form
Por thisz purposs is shown in Table IV, In using Figure 1Z and Table IV
the following sssumptlons and conventicns should be employed:

(1) If ¥uown distances or forees are cpposite in directisn
from those shewn in Jigurs 13, & nesgative sign shou’d be pralixed be-
fors sternlng_ip g coumputaticns. for instance, in the case ¢f a
high-wing wmonoplene, ho wi1l heve = negative sipgn. Likewise Doy will
L2 sither negatiwve or zero in all cases. The dirsctioa of unkmown
Yorces will be indieated by the sign of the value obtained from the
A negativa valius of 1y will usually be detsrmined from the

indicativcy & down load on the taile For positively
ons, bhs selution snould give e negetive wvalue forp
a Joed will e soting dowreard. The convention for o

w2 inerti

: N 3 - - - TS e O - .
wonce o that Gsed for memeat ccefficlentss that 1s, whan the va
uer or iy L omeeative oy showld alsc be nexatlve, indiestdng o diving
kit 1
moment .




Sec. 12 Soac. 12

4 ht ~ * ] : Y .
{4¢) The chord lcad actirg at She tail surraces may te nag-

() Computaticn of Bwlswv'ng Loads. In Table IV the comtutaticn
I oelen i 5 I1ncdleabted for typlical flipht conditicns. The equa-
e ect that the use of the averspe force ccefficients
in econnectiocn with activs wi.ng arse, mean BEPOdVﬂ&AlG CuOFG, and
mean serccynamic center wilil -ive resultant forces and mowents of the rre-
pes magnitude, directicn, and lesaticn. Provisicn is made in +he table
Pow obuaining tne “ﬂ;an?ijg icads for dif'ferent gross weights, if deairsed.
include computaticns for several loading con-
fions, or conditicns invelvwing The use of

ditions, speclal fllght cond

auxiliary devices. It chould be notsed that & c‘anco in the lceation of
the c.g. will reguire a COF“BO ending chenge in the wvalussg of x; and hg
on i he basi wracteristics and load factors for the gccel~
arafte r nsd in Chepter II of leronsubics Bulietin Lo,
Teiin £ Giis -v;,l requirements agplying to wings and wing
tracing need not e incorporatad in the ‘.:»a.l»s_no:“u comeutations, evcept
that wnen wing flaps are used <he reqguirsd balsncing tall lead choule be

& b
determined for +the dasien conditions whicn apply with flaps daflected,
{Zee Aerorsntics Bullezin Wo. 7-i, Seoticn 18{D;).

(&) The follrwing axtlenatory notss refer Dy mumber to items arnear-
ing on Table IV

.
vl
—

The wing loeding, 3, shoula be tased on the efTe-tive
wing ares.

(%7 =ny, = appiied leac factor rscuired for the condiiicn

seine invest.rated, (3ee feromeutics Bulletir
Vo. T=A, Chapter II).

2t Paterrine O a3 £ ed | e ibieg Bullatid

V3, betermimne Lpy 45 specliized 1n AsIonfutles Bullatin
do. 7=A, Chapter II, Jee elgo Zco. &, Bouetion 2,

this bulletin.
(10, armired frem
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The net tail leed fector, n. o found by a swame. ion of

Note. The avove comwrents aprly only whsa the
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eotion 13, Genoral,

oY

by

A) The wi: d oW ¢ desizned primarily by the basic
s

lvlag condibiono, veves, 1 ‘ ravide Tor provavle desviatlon
Trom the taszie goaditiom: Bal ilficetio i Teanenbay o condie
Z.ovs ere regulred Ia Cn o o T=L,s  3omg
2L thele nodilis t of wing stiruc-
tures. @ oany case, the @

o 1w asually have <o
be ctrried beend the members lmmediately affsrtod.

~as Fho
sgoticne

H - 4
ivisd appliad
3 consider
designed ©o

For this reascn
ordinarily rspresant
~xv Chan Vie In certaln

ctual acesleratsd condition at Vi may be critical, im

wiah case v should “e checked., The shorssterisiies used for Tonditi » I
" J = N

-
toare 18 . Tuis sond

t.o front Spar. When the tension
gwg.r 18 derigrea for low mwrgine of

ov
chord souaponent wivisi: oecurs in Condition
sion lead #o besomy presacer than thas acmputed for Conditioun 1L emd
therevy regult in erabtive marpins of zalsi

seciisn lLeve
T is possi -
L when tho

- o~
spead V.

(I
This gonil
rulleus or st loa il
Shat g rel.tively :

v
.
)
o
(ol o
1
&
Hy
|-
-
%
i
Lod fD
)
&
L)
]

sharea Tie moner. 4 very sanll or oosifive Tala
] ‘he ef.soet < the displaced ailsrons
crmall in proportion and Jor thait res "on Lo cor-
Teshions are reguir ilses Im geocral, caily %he reer spar
and Taar 11077 Lrug silgated Tor this condibisn. This

o



iy

msoulroment is nct apvlied to Conditilcy TV, =235 ths down isad on the frons
rpst 18 nob as sensitive o chenges in sllercn zosition.

n

Section 18, Suppiensntary Wing Desizu Condiitions.

(4) The bvasic desizn flylng conditions may no% cover cerbain nosgi-
ble combiratiscns of merodynamic ccefficients wlich cause eritical loads
for s particular portion or component of the alirplane structure. The
guzolengnincy conditions are desizned fovr this purposs and ars vurposely

ple as possible o redoce tihus ewbira amcount of iavwestigaticon ro-

o B3
quired.

. . - ‘o
{3) Comditimm 7 - {Bzc.
AL i

PP
airfell ~hiec . 2m3 a nexznive v
£ up load ca the veor soar,

3ulietin Joe T=A). X
alwors ter s fa oreolace
Zowaly thovefere, thax
o8 of The bas.: Ply . ng c*ﬂuit‘car aroduces ay conslderzbls dovn '!cn':-’1

ov the rens spar {¢r any considerstie "stalling” moment ahoub the elss
p.ois of & w14g). A% leryge megacive anples of attanﬁ, howe-rer, the moums

gra and mAy oven rew
1iss behind Ttha
such a condivicn,

4 lozd

5
coefficlant avouk the aercdynzinic centar avvroacihes
warge in sign. Thls mrans thes the C.P. aporoach
z :*odyramic fenter. Conditiien V therelors rapr-
walch is 1 kely te be developesd a2ulir i

faotors reprasent either = gurst lrad faccor, wﬁiup mgy Do prodused viila
Tuytag ivrerted at a speed less taan Vi, or a pul ~up load faotor based on
che corvseronding welue for Condition I. For arlisisy the wvalua of Cn
i3 assum:! Lo te zero, as the cilo: is zot we11-~,_1ns8 and the spead
13 agemae L S5 28 5o low Sast cherd 1oad“ would te nepligihle, Zee Figurs
(14} Zvr .llussration ol this conditicon.

oo u
Y

;7 in inva:tau fYighn, The eppli-

;- —_
i !
L L

[

+ should e noted that the meximun rearwsrd position of
thae 2.7. far lerge negativs anglss of altack {abcve the negative stall
ing anzlie) approaches 4C parcent of the cherd as a practical limik,
For aighly meneuverable alirplares, it would therefore be advisable to
use this lecation of the J.P. in the Znverted flight ccndltion, in order
%o obtain adagumnite strengta in the rear LIIT truass system,
{2) In zeneral, Condition V will not be critical for poriions
of L= struc:urm other than the resr spar, rear 13f% truss, snd fuse-
lage carry-Shrough members. Wher a sirgle-131% tiouass 1s used, = pro-
iimirza 7 check shoald be made for thils condiftione.

{2y Conditien VI

1
i
e = et t

. I . - e
- {3sc, 18 {3} lereoncuties Zullciin Mo. T-A).

1) Por a zenventions

Zespar elrvlane in which ths wilang

d sptirely b vhe 11Ph trucses, Con-
suffieisnt Lo check the straigin ol the drag trusses

for r=arwmrd chord losds. This conrndition, as i-dicated on Firure 14

is « aivalent to ilhe assumption Lhat walle flylirng ot the speed V., a

swall negative zust changes the walue of Cr vo thet at which tThs rear-

ward chord Load is a maximum. Sircs it ls assurod that the drag trussss

ars 0ot effsched by wormel or mement [ores, the achtual waluas of Cp

and Cy nesd nct Te deierminels

3

+
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{2} Wren Condini
ghrac.ion, it is dﬁﬂl
snd. wing mori b, es spe

. T
No. Teh, The condlitin:

n VI i3 appliad o cars~in tyses of wing con-
2 to ingliude also She sflects of normal foreea
Tiod in Sec, 1% {3)12'of Asronwizics

(€]

& then ealled YWig, but 1t is ftc be comsiderad
as replacing VI, sobt as axn addibicnal cendisicn, Figure (24) indi-
cebas the coeificicnmis wivloh apply ia this case.

srmdition Is anplied to biplanes raving o
=12 usually oe found that oaly the lowsy
respact to rearward chord loads.

sing i
J“ﬂb is ¢

o

(D} tmea- preetrical Tlying Cevditions = (Sece 1%
Tatin Mo, f:E]. M meco; he la ”5_}&5154&QGB Lo anpular acceleration
ieh 1s offered by ths an alirsiane, it s probable that The un-

ooanstrieal Plzing conditlionz do not imposa severs unvalanced loads on

tus fooal e ztmorturs, The a'bitrear which have previously
bean ur #d in comrecul novith wumpeto ual P;;1;3 conditicas nave, however,
Been aiscolated with the assuwuption that the fuselags rasists all the une

(C} Aeronauties Jul-

o

denzed rolling woment fror tle wings. Jurthermors, it iz provable thet
ae slde landirg condibticns -which uave teen 1sad for land aircraft have
t be M sewers encugh Wwith raspect to ths "whipping” effest of the wings

mrotuee 1 duriag the righbtlag vorocess following a sids la 4_1“" In wig:
o these lacts, 1L ls regquired in Aeronautisa Zullstia 7«4 toa” the help-
Ml effachn of the angulars inertia of the w¢QgS shall be neglactad, This
, . . .

peading She devslorment

of mers ra*’oaal NS Yme ons in both Piying and landir;, Pro=
visz..n 1z made, howsvar, ne use 27 4 mors rational wisymmetiical fly-
ing con11“~nn by ©he ipseartion of 2 spe el side landiny eondiftion in
Canptar VI of Asrcasutizg Zullovin Jo. T3,

(1) The analvsis of conditions inveolving angular aceslsration
3 )

i explainad in Chapber VIiII, as such condi=ions ares usualliy critical
for menbars of the fuselags atructura.
=

w

(2} The ansymissrical flrinr condibtions apply varticularly
to ecabane bracing, which should De considered as part of tns 1if
TiUsS.

{3; In applying the unsymmetrizsl flying cownditions as specdi-
d in Aeronmnbizs Zulletia Yo. 7-A, fec, 15 {0}, the approximete
Piustmonts direetly to the wlig reachlons may be

: : ; « This meshod obvictes the necosgsibty for an addibtionsl
devermdnetin of %hs Deam loads.* Actaally, howewar, tiae changs in
loading on one 8ide of the winr doss not imply e prorerviienal difTer-
snae in tre lovding for ecch scaponent ol The gtructuos but alffecus
maialy She walues of Cjj.  The gain i3 acouracy whish would reaunlt fron
a more racicual anelysls iz nob belisved To be worsa tho additional
leher involwvsl, in viewr of the arbitrary naturs -f the urajy-metrical
flyiag sorn . ihiong.

* dovirrar, 1f the wing monmont soefisient T“d eilaron [diizposition
e guch a3 %o heve mede necassary an analysis of Cendition III.,
thern 100 nercent of the loads from that conditisan srs 50 o apriled

o1 one ald@ and 70 pereart o the loads from Condinien IIT om e
nthar side.
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Sec. 17 Seze 17

{1) The conorial slors required i wilag the above methid are cube
lipsd oo Tables ¥V ar . Vl, i1 e form which L3 convenisxh for m<daz ocal-
culaticus and for che-X'ngs Tl.e following moddlleetics and robes ap-
ply tu these tables:

{2) When the curve*ure of the winz tip proventsz the spars
from sxtending So the erirenw tip of 4 7 wing, the effect of thwy i
1xads on the sper ¢:n e -ily be accownted for by exvendiry the suarvs
tu the exirems spesi as hypothaetlce:l members. I saoh cases the di-
mengion (£ will b.cor» negabiv., as the leedirs edge will 1ls bekind
i Wypothatical frombk s ar,

(t) The 1-.:el values of (- i'tr a2 X, sre dehermined from
the design value oi Gy dn a-c )rd-,_,cﬂa with tha proper span distribu-
-"uc*. curv .. Floowe 8 (0) is usad fo mis Turpoge, togesher L lth the

valae of . obbained Jor thls f_hf:ur.-,, a8 ovtilircd in Sscuien § (C)3,

{o) Ttea 15 providess for a waristion in ths lor~sl walue
cf Cy. For Condivion I, the waluo ¢f Gy should be delers 1ed from
the desigza valiue ol 0.7, by the Ffollewing eguatica, uasing item nure
bers from Tshles V end VI:

1
Vo= 1a) x (D - c.2))
C,gu = {14) = \@ )

¥een conditions with deflected fleoos ere Investigated, the
value of GM over Ty flap portion sheuld ba properly modiflei.
For most otler conditions Cyg ™11 have a constant value over ths
span.

{4} Tt will bs noted twet thiy zross runnirps: loaﬂs on the
wing strueturs can be obhteined by assuring e to be zerg, wh:.r'
case 1temg 19 , 20 , end 30 Dbecoms zero, ,,n hecomes

7.. becomes @ z @, » snd 7, becomes _ﬁ x ?,

Sectior 17, Delarmimrtlon of Runniag Chori Losd.

(A} The me% cherd icading, in pounds per imeh rum, esv ve determined
from vhe following equutlon:

E 1
Y = Luc L * Ppg 9 5/144

", ‘u
Where ¥y, = running chord load, 1bs./Inch
chord coafli
3 The praper
bs retained th soughout

q z dpamic pressure Ior the condition
bow,;.. inwyestigated.

- 27 =

B



Seo, 18

n., = re7 epplisd chord lead fector sp
proximataly resrgzanting the in-

Tie eff2et of tue wnole cirnlevs

ir tle covrd direction. Th- wvalue
arl sign ars cbtained In the bal-

auoirg process outlined in See, 17,

Nose the® when uc i3 rerobive, n

B e ety L SR

T e Sonitir ~

a and C' are tho same o in Sco, 16

o3 ]
—~
-

(1) The computaticns for obt-ining the chord lond a~a outlined
in Fmble VI, ditems 25 tec 32. The Ifollewing peoints ghould be nobed:

{a) Tae value of CC itewmt 28 , can usually be zsaurad T2
be constant over the spen. Tha only vyaristion regquiited 1s in tae
case of partis.=soan wing flaps or similsa~ devices,

{2) The relative location of the wing spars and drag L ouad
will aff'ect the drag truss leading produced by Hhe shord and rosmel
ailr Terees, Thig tsn be etslily mecountad for by corresting ths wal a2
0 Cq as irdiseted in Sec,4{D)and Figurs 3.

{2} It iz often necessary to couaidsr the Jsesl loads produced
by the provellser thruat and the drag ol items attashec to the wng. The
zeneral rules soncerxning thess “tems ars cutlinad in fAervonariiecs Bullse
tin No. 7=A, Secs 21/B). The drug of nacelles built imto tae wing is
ugually a2 small that it sez be sefely neglscted. The drap of independ-
ant nacelles and That of wing=itlp fleats crn Le computed by usiug a
ranional drag eceificlert or dreg arss in conjuneticn with the design
:t-3d. The beam or torsional leads appliszd to the wing through the
aivechment members should rlse be gonmsidored in the emalyslis. I gone: -
al, +the effscts of nacellas or floats can be ssrarately ccompubted snd
added %o the loads obtained in the des’gn couditions.

Jection 18, Determ’nation of Ruwming Load and Torsion at Tiasstic Axis,

{4} The follewinz method can be used 1n ocasss whers it is desired
4o compute the runnitg load alrng any given axis, fogether wiih the unld
ralue of the torsion scting ahkrut that axis

Figurs 17, W drotes the loecatlon of the refer-ave
fraction ¢f The chorl. The uat rux
t

L]

i lzad along

-ne loocus of the points x and the vivg Torsion apout These poin.s
sr2 found from the Tollowing equations:
[k}
. e Al (%]
e AU D M0y O e
- - - -
o i - [ (EOR
m, o= EACN (Xed) + ’Maj 1 +Lp ® LA -Aihwm

e

1 pounds per inch run
i inen peimds per ipeh rum.

f

l,_l

x 13 erpressad as a Ifraction of ths chord,
o' is Ghe wing ohord, in inenas.

- 27 =
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ho remaining symbols are explained
Sec. 15(3}. (Ais noted previcusly,
will always e megative for posicively
acuel:rated conditicus).

E.

{1) The commutations raguired “or this form of zanalysis can be
couvenisutly carrled cut throush the uwxs of tables similay Lo Teblas 7
and Vi. T" o itevs arvearing in esch table would be ch:ingel Lo zorre
spond o the equaticns given ir Per agreph (3) of this sesticn. The
aciputation of the running chord l2ad zon be mede i tho mannsr cub-
lined in Bec. 17.

Sevtion 19. Analysis of Vcod Wing Spers,

(&) In %8 dest
binad axiil avi trans,are
gecounted for by the "pre

tic axia, In corder fo mairtalin the reauirsd factor of safety, it iz no
sery to bage such compute.ions on she design louds, retaer Tiwin the epn

LG

T aand other meubers suirjectad Lo com-
leading the <7fects of secondary bendiig can te

&

w0

squationg based on the eguatisn of the elas-

FHPR

]
‘LJA
p
v

- - — et B k. m—A‘-
londs,.

{(3) The allowsbls tobel unit stress in spruce mer:ers sudjected "o
compined bendlng and comprersion may ve cewmputed from Ilgure 18 . On The

sizht-hand zide of this figure are tas fanilies of curves, the upper sne
Por the determiration of thr modulug of r:oturs and the lowsr 4 =
alestvio limit Im bending. Eacr of Shegse auantities iz devenisnbt on the
ratlo of compression flan*e thicimess %o tisal depilh of beam and the rati:
of wob thicknass to total width of beam. Ou the l-"t=hand sidas of thae

M zuve are two additionel families of ourves. The "horinon:al fas

‘.»

dicates ths elagtic limit under cembilmad bendirg and compreszicn and ~ o

]

vorticel™ family shows the effect of various slendermess rav.cz ~o fia
former quan<ity. T allowable toial stress under combiaed load ryp . is
found as follows:

‘1) For the oross seetion of ths given besm
1imit in Derdling and the modulus »f ruptuars from
pression flavge trizirress o total depth, and web
widih, loceting pointa such as A and Bl

(2} Troject points A and 3 To

points sucn ag C zxud D.

-

{3) Loeate a point sue% a3 B, 471
2% Tas given se .tiom undar saicdaed

VTAAY, TOS 262

ond CORITESH.L L.

Au-dd

3]

noint will be &% the istarssetise
J:mAWv Shrouzh C and mee eurve of
to %he digrcance Detdam sodints ol

3} Treste Y on T D,
sasl 2 barding to wetal 20

desirad waliuve o Ft'



Joec. 20

Wy The fellowing rules should be obssrved in the uss of Figurs 18:

-

(1} Iw coupul’iuy the margia of gofely of any roint o the spes,
I should be taken az twice Lha dls,ance Irom this peint %o the near-
2g5 point of Infizetlion or peink of surnart, I” the dimensions ef thg
tpars are such thet this ruls resuits in s distance preater then the
wmsupported span, L sheuld be taksn as sgual 1o 4;6 iatber distarce.,

Ir computizg @ for the purpose of apvlying ths curves of
Flrere 1€, f1ller hlocks may te neglected and, in cess of a tapared
spe, the average wilue should be used.

(2) In comrucing the medulus of rupture a“d tho elastie limit
iz .a:&:ng, =he preperties of th: section belng i-washizated should e

Filler blocks mey be Lluoladed in the sevt*on far this puryose

a‘d also im computing e Iugcsed strassses fb’ fc, and 7.

(3) The braiing momamt froa whica £y 1s computed should irmelude
an a’’owancy for seoor 2l bending. When posgible, +this sheuld ts done

r using s precise msthcl for compubing the bHonding merasis, Whan
thisg commot De done, a consarvavive allowanss should be msde for it
alfsot.

(T)  The mexlw intemgity of stress in longitudinal sziaar in the

wibyg of wood spars mey ba determined by meens ol the follew.ng foraulsas

7 = 5Q/b1

Trers

3 = vertical shesr at the secticn,

Q = the atatical moment about the neuteral
exls of the aree above “he section
urnder oonsiderstion.

b = the 2ntire web thickness .,

I = moment of inertia of the crcss seshion.

{v) For comvembional wings, the stremgth of the teams against later-
al buckling mmy be determirncd by comsidoring the sum of the axial loads
in both soars te ba reslistad by the spars aocting together. The total al-
lovuble colunw atrspeth of both spars is Ltie sum of the oclumnm streny ths
of each aper achivg .4 A pinesrded column the lersith of a drag bey. Fabe
rle wing covering mey be Aagsurwd to innrsase the total mllownble colum
gtrength, a, above detsrmiued, by 50 percemt. Wisn further stiffened by
plracod or motal leading adge covering extending cover both suifaces lor-
=23 of tie frort ssar a to5:l inoreqse in allowabls eoluwr streagth of
G nay be agzanad.

Jection 20, Melal Sperce - leusral,

{4) The berding romenis and shears zhould Ye szomputed by preclss
formuls; which allew for She sffeets of +the axial "lads. Formilas for
shens gan he levileped oy dlffrrembtinting She forswles for bending moe-

")

PR

sate,  The walaes o ZI ws:d in the computations should preferally be
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1300 Srom oA % cu a &.ootlon of brum subjectud Lo loads im the plrae
3 8rd nooral 4o its edise In such Yeats 1t is reccismded thad
Te sily saprorted at Lhe 1ift trusa fittlngs erd subjested to
vesuipated .oods e or nour tae thisd polnta of +4he span of such
ragoltnte thalt the ;Aiﬂr&hshﬂar e .d beiding moment on the test speoiuen
szail ba i the some ratio as the maximm pr . mery shears and bendinr mom
¢lus o tha ckr;eanondJ.v gpe..s 0f the hemm im the aliyplane, If this is
nih preeticabla, £.a sheer ¢ i ho test beam should de relativs 7 le-zer
Jhan in the sirplaws. The deflastion: in theo teet should be read to thae
fogrso of presislon neosurary to ¢bisrin a precision in the cooputed valus
e BT of nwot los3s t;anﬁi'a perosn’. Then such & test camnct be madse, thra
»alue of EI mey he auvaputed frow bhe goometrioal prupertiss of t-y sectiom
& 4 the slaztle propseriley ¢ ths msteriel used, bubt befors being used in
Ty formulze foo corpuiiwe d-flectiona, shesrs, or sucordery bew ing nom-
te, this waing shonls ve maltizlie’ by a correstion factor to alliow for
sahsw deferketion, play dm Jodi-se, eud 1ok of precisgicn in corputing +the
gesmetric prapertiss ol irrszular ssctiocrs., The correction facvors recom-
ndad ars 0,93 for bear., h.vivg comelnuous webs Thet rie intesral with
the chords, ssbruc~? I, snd sinlar beams; 0.85 for built~up plate girders
raving continuous »=t3 coemnectad <o the chords by riweting; 0.75 for bsams

gt Ll

bl webs hawing lightening holes of such astape that the beam cennct be
analysed 23 & truas.

GOUBL

{8} Thir-Wob Metal S-ars.

Thinewsh metel spars mey be anslyzad in accordence with the theory
of £lst plats metel glrdura, under the aiswmption that diagoral tensiown
Melds will be producad by the shear forces. T[or detalled irfermation on
thls subject see W.A.C.4. Tschnical Note No, 489. The anelysis should
Lacluds the abttachasant of the wedb fo tie flanges.

(C} Zruss=T-pe Motel Sorrs.

(1) Metel trurs spare, in whizh the uxial locad iz so small

thet L/] (ov equivalesnc symiel as used in the forrmlas for coupating
thA strosses in besms subjected to combined loadings) is less than

wmity, mar be analyzned as pin-~jointed structures if the azee of the
owabers meeting at eath Joint interesct st a point, TWien the axes
af the merbers mee:ing &% any joiat do not lutersect at a single point,
the figure formed wita the arxes of uu? membe s a8 its sides may be
sellad tre "eccentricity pattern” of the joint. In thaeas cases the
axlel loads in the aotu&‘ trusa menbers o7 be assuned to e the sare
a8 these in the merbers of an equlvs trugs with She Je’=wts loecaced
a;vrwhoro on that s de of the erser 7 natvern formed Ly ths axis
of %ra chord memoer, Wiers tlore is an scoentriclty pattern at the end
of eny truss member, the load on thet mamber aprlisd through vhat join:
mry De assumod Lo be covposed of an axial load P, computed as deseribwd
g3, and a hending mowext equel tc Pe, wiere s 15 the normal distancs
from the exis of the meaui.er to the most dlstans corzer of the eccentri-
cliy pattsrn. A m.ove ratiomal anslysis cin be made by dividing tha
+tosal eecentris memers (mbout the true insersuoticn of tie wseb members )
baiwaer the membsrs interseeting at the jolnt in proportien to toneir re-
lative resistence ©o rotation of the Jjol%T.
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2) In metal truss spers, for vhich L/j is greater than unity,
the beading momunts and shears on the spnr should be obtsined by the
uze ¢ tle preciss fowmalss. The velues of Ll to be used in thess

5 skoull te ovhwined Twheusver possible fr. . deflertion tents o
The tvge dss-ribed sbove in Peragraph (4. When tesis are not practica-
» defiecticna used for deteraminir; TI may be obinined by the use
of any of the standard methods of compubing the deflsctions of a trusa,
+the eszumed lording belng that which would be usaed in a test. In com=
putivg these deTl-chiong 1t sheuld be assvmed thatv bthere is from 0.005
to 0,010 imsh glip in <whe Jeint et eech end of each wsbh member of a
rivsved or Dolt:d truss. Yo slip nesd be assumad with welded joints,
Whether the doflecticr.: are cbtaised by Last or are computad, EI wvalues
should be cbiained for et lsast three peirts In eash s1.-1 of the LHucy
and tie everage uged im The proiss sors las. Than an rzal 304
purellel So ths exis oi the spar iz app.isd &b a1y seccion at a polnt
other then tle centreid of the chords at tiza’ gsction considered as a
uniy, 1% should be treated In thse precise for mlias a3 en eguiveliaat
combination of an axial load &t that eenbtuoid and & bending mome:nt.

(3) "M:e loeds $L the chord members at any soction should be

comput«d from ¥ & on/A - M/n, where P is the tobel axial load, Ag
the arsea of th- chord under considsration, A the sum ¢ The arees of
the chords without allowmuce for rivet holes, M the tot«l bending mom-
ent from the precise formules, snd h the distence betweea the cemtroids
of “khe chords, Where the axis of the apar is not atraight bebweun
supnert jolnbs, M should te increased or deersassd by Pe, e being the
diztance on the unloaded truss from the ecsntreid of the chords con-
sidered as a urit at the sention under Irusstization to & lipe joining
the similer centroids at the surport seetions., Where [ull scale tast
are mot pracvicadls, the loads in the web members shonld be computed
from T = 8/sin 9, where € i3 thoe angle belrween the web member and the
¢zig of the spar and S is the derivative cf the totsl bending moment
with respect uo =. If the chorcs are not purallsl, ¥ should be cor-

ected by an amount eguel to the sheer carried by the caords which arse
cut by the sams sectlon az the web member. “Vhere the chord members
change section, the wreb membars should be esigned to carry an addi-
tional load the comporent of whieh, parsliel to the spar axis, is
equal to the par’ cf the toval o3 l load D thet rmigt Do transferred

from one chord to trz2 other., Thu., 1f ths arss of the upper chord
spannes from G.8 of whe totel olrord srea to C.5 ¢of the total chord
aron, tha added load
gimalisity, this lo
st.eent B0 the shang
fir “aut member,

¢ in the weu members will &3 0,17/ cos 6. For
ad ray be apnlied entirely to the weh member ad-
e of seetvior, whem such procedurs is consirvaii

srs. The colum length should be assumed
¢ (istence between truss joints Tor bending in the plans
iing & rsstraint coofflc lem’ of not mors then 2.0. Tor

3

i7 it should be assumed as ihe diszfance betwser drag struts
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(1) If the ribs have adejuate strength to prevent loteral
buckling the distence may be take:x as not less them one~h 1f the
distance beiwsen dreg struts.

(2) If ths wing covering is metal, suitadly stiffened, the
bendirg laterally may be neglected,

(m) @sJﬂﬂ of Wen Membere. Whan thers sre no GCOFﬁtrlc;t“ patterna
and the cen. tia vivys group iz cn the exis the mpmber The eol-
urm length may be assume.l to be eg- il to the centor ’*me length of the men-
ber. The restreint coef“1c¢ent used will depend on ine type of joint em~
ployed but should ia no ceus exceed 2.0. Whea escentrieity pabtterns exist
or when the sentroid of ih rivet group is eccent:rie to ths axis of the
memier, the member should be sonsliered asz :n senentrisally loaded colune
¢f loaglth squal to its true centerline leougvh, tie assured eccentricity of
the axisl lead at each end beins taken e: the arithmetical s of

rivet group ecoentriclty sud the disztarce from the axis of the mer ser to
the mnst dist.uat cormer of tle necemtricity pettern. {Ssze Parszrern C-1).
Tiaen a more erxact metncd of anslyris i: employed, esch member shoul.l ba
ansaiyzed for the proper ccmbination or sxial lcad and end mwnent,

Section 22, Skin-Stressad Wings.
=

oy Plrwoed Covered Wings, TWings thet arse completely coversd with
plywood mey be desiguned unde~ the followinz sggumptions:

{1) The sovering will carry ths shesr due to the chord compo-
a“ts of $he sxternsl loads, provided that sultable compression merbers
re installed bebwena the spers, and cut-outs ars preverly reinforied,
The axial lovds in the spars due % chord losds should net bae neglectad

in the spar analysis.

{2) IP the loeds on the spers are computed by meens of conven-
Lional methods, without refersnce o t.ue ol:stic eheracteristies of
ne entire strueburs, it mey be assumed that plyweod coverinz, if
Llgidly atbeched te the gpars and ribs thioughiub thelr entlireo lergth,
#ill uarry Lo peruenu of the momecis on the wing due to The beam come
poenents of the air lecads. The spars should be designed to sarry et
lsasgt 90 percent of tiwse mcuernts. In case such covering ig renovalile
cr contains lerge openings or obther diaconii-uitiss betweer the spars
om eitzer curfase o7 She wing, proper reducticn i the assumud strength
ol the cuovering adiscent Lo suenr epeuning should be meie. Ao relucsion
ghculd De made in the share loada o ba carried dy ths spors.

'1 ct d

ol thwu lack of uni? ;m;ty in thy

—ypes I-cove rnuwang.'in goreral use, it iz rcommended fhat excen~
zi~y ziatle testing be mployed elthar in liea of or in conjumetion with
atresa anelrsis methods. T me Ny cRAas 4 Drool test o Tha specifiled ap-
plisd load iz the only mebtiel by whieh Tthe Jehn igr ol the msta_ cuTsring

san be detars’ rsd. Toe following peinbts should bte sonsidersed in investigae-
tirg the strength of matel coversd wings:

[
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(1) The sovering should not devslen waves or wrinklec of appre-
ciable mmz. ltude a% lgadings less than ann:ommﬁc*y neli the speai-
£1.4 applied load. Where the coverinmg ia desended on 40 resist say tavs
28 the Dend_u::g morent, no wrw.klea wiich impair the sitrergyh of the
siructurs should form before ks Sosien load is reachod,

(2) Methods of iysiz involvliog the uss of the slastic axis
of the wing are satisfactory if the pos! hhcu of ¢he elastlio axis ig dow
fipitely kmown. 1t is usaaliy adviagable ..,o 2lizdaace any wncercainly

in this respect by assuring dilferent pesitions for the elastis axis,
thereby covering a reungs in which it is oewbain %o lle.

A .

13 Anelyres of skis-stresssd wings luvolving the shrenrth of
sheedt and sUiffer or combinetions, oy the strepzth of thir-w.o girders,
should he supplerarted by at 15;5 G ova stebic Lest ol « represantabiive

panel in whieh tiw design eouditions ers clusely simlebel. Such a
'“a.ae should be relotively larze, in ordar %2 account for the intors
astion of warious parts of the stiueiura.

(4) On cantilavsr wings the torslonsl s3%iffress should be male
23 high as pracviceble, sspsciall;” for high sreed airplonss and forv
#ings which are reletivelwr ztift in boudins,.

Sec, 22, - Chord Digtribution -~ Winy Ribs,

{A) Wing Ribe. The approximate rothods of chord leeding cutlimad
‘n Aeropautics Dul.etin Ho. T=A for the testing of wing rios sre suitable
o - convenvional two-siar constraetion but do not sccuretely represens the
uwe ehord dlsbribution. In some cages it is necessary to desermine the
actual disuributlion, not only for the total load but for assh swrlace of
She wing. 1f wind-tucnel date are not available, tie mathods outlined in
N.A.T.A, Reporos Nos. 383, 4311, and 488 ars sultabls for tais purposs.
T™cse nathods corsist in determining the "pasic" pre-sure distriution
sarve at the "1 sal" angle of attack and the Maddidticnal™ pressure dist.i-
pution curve fc¢r the additiocnmal anglae of siiscln. These cur7ss can be socr-
direted with cerfain values of C;, so that the Mlasl pressuvs distributicn
curve ocan be immediately cobiained £4» szmy C-. COurvas of this aature osz.a De
sbrta‘ned divectly fromw the Netlonal Advisory Cox dbte: fop svreasubles, for
sgveral wilsly~usec ai-folls.

(3} Leading Edve loeds. On ~igh spoed airplanes tho laaainr- s~d."

loads deveicred mey be & oeriionilly gev ~s. pemtisu 2rly she

waich are preduced by nsgative piasts: woen f£ooding - v nas L dte neE-
Tze magnitade of such lceds can be zstimesed, wiud ut ue* : wdinis 2
chord disusi u‘tlon, by ths wmathed o -

v Zffeots of Auxillsry Dev.ce-, When a relatively low design spoad

13 ussd in coileotion With w.ag {laps or similar reirecseble deviose, 1t

will not usually b9 necessary 0 deferuwine the chord distribution over the
entirs alrfoils The effect cf aay 2o sice wiich reming orvel stive up o
design gliding sveed of the alrple. s should bs ceaefully 3 1vee’t5ga'b<-'d. T ada
~pliss persicularly o auxiliary airfoils end fized slots,

- 2 ow
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Jection 2% =~ Lift=Truss Anelysis.

A N 'y ) Il )
(a) Jr*y' 54 srube . In computirg tha comprezsive strength of 10% atruls
which are Traced by @ “3ury atrut atstached to the wing, it is usuall;r satisz-

o

f'ac,-'wy to essume that a p_:,-eqded Joint exists at the point of attachrent
of the Jury strut, The Zury sorud itsel? shenld be invistizated for loads
lmposed by the daflechion of the malin wing sirusiure.  An approzirnte so-

sution besed on relative deflectiocn3 is satiafacuory, except whon ths jury
slrut is considersd es a zoint of saprort in the wiaz sper ane .I..Ju'iﬂ, in
whiszli esga an eccurate anwlysis of the entire struclurs is nescessar

(5} Redundent Tire Bra::..g. When swo or mers wirss are abtached to
£ COTINOM DPOLNT Or the Wing out -6 not parsl'sl, she following approxi-
wmate eguatis»ns may be ussd ror dotersrining the load dissrisation b sween
wires, provided that the lpeds so obtained are iucrsased 28 percent in age
zordance with Section 22 {3) of Aeromautics Bulletin Yo. Twi:

= - 3 ~
1! Vl.;"tll-ll Lz l
S R P p \ B
.!L- \‘rl Al L.’?é v vazA‘Elﬁ. —l
_ - a,
\ IQA.QL:L B

Pp = '3
 T228,1.° + U410 .‘

La

VWaere B ow Deay comprnsnt of load to e carried ab the Jeint,

Py, = 12ad dn wire 1,

Ty = load in wire 2,

V. = varsical lenghh compenent of wirs 1,
V. =

2 Tertical length compenent of wire 2,
4y and L4, reprssest the arsas of the rosvective wires,
In and Lg regprssent tThe lengbhs of The respsctive wires.

s

The chord components of She air loads on the uppe: wing and the unbel-
ancoed chord compoanents »f the loads in tha interplane strubts and 1i8h wires
at Their point of etsacrmexnt e the upper wing should then he assumed To be
carrisd sntirsly bty the imberpal dragz truzz »f the urver wing,

(C) Indsserminete Tz Csllver, In bipglanes which have two complete

L30T Trasg sal dreg Gruss 2yotama inborovmnaciad by e N strut, a tw*is*i:i:.g
momang ;} lied to the wing cellule will e resisted ir apn indetzrmiznate mar-

ner, as gaca pair of Ltrusses can su 2Ly 2 resistiag counia. An eixach soluw
tion invreliving the met:o work, or a8 simsiar methcl, oon bo used
te detarmine the leoad distribubion, TFor simplieity, however, it is u -m"‘_-ly
ezcaed that the drag Trusses vesisst cily tne dirset chord loads and tiat

ST ¢
8]
k]
1=t
f
i}
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G

I tho ooial loads aud versional forecs are resisted by the 1ift trusses,
Trie will usually be sorcarvabtive for the 11£% trusses, tut does —ot ads~
quately sovar i Tossible lomding conditicms for tiuse drag trass.c, In the
usual biplzas ars crant Yha lowsr drag truss will Sond o be loaded in a
reafward diraction ©y the wing moment. Surplementary desizm Coundition VI
(Bece 12 {7Y2, Asronmautics Zullecin ilos TwA) tiaeref:zra repreasents the most
eritieal condivion for the lower drag *rurs. This nondition should He ine
satad by assw ing that a relatirrely largse porticn (apnroximasely 75
nercent) of The torsicorsl foresd about the as edymamle center are resisted
Ty oo dre; trusess. In the case of a ,1nELaallft—urusv bipiane, uhﬂ drag
Lrasses rash, of e:leh the ent-rs momens =f the ailr forces with
respect b0 the axdls of toe 1i7% truss,

we s
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Chmptor IV - CONTROL SURFACTS AND AUXILIARY DEVICES

Sastion 24 Junersal.,

(A} The requirsments for the dasign of control surfaces sre out-
a Chuober IV of Asroremtica Palletin No. 7-4 and are shown in
Gavler Jorooon Flgure 12 of this bulletin., The conditions spec’fied

o
\4
3

arg based ca the two seprrate furctioms of contrel surfaces: balsnning
a3 mepnewvasrizg, The rsquir=mments sre specified so as b0 eccount also
far the effacts of euwiliiary control devices, gust losds, and control

TOsCesa

(B) The averaze unit loeding norrsl to oo+ surfece is debermined

by the fores coefficient Jy and the dymamio pressure ¢, as shown by equa-
Sion L&, Sonvion 3. Tien dealing with,%ail suriaces, it is customery to

specifly Tas velue of Ty for the entirs surface, ineluding both the Iixed
and moveble gzurfescos. Ths Total 10&5.%0 obtained is %thzn distributed so
23 to simulete the conditicns which erist in flight. In the case of eile-
rons, flaps, or tebs, the valus of Cy is usually deterained culy for the
narticular suyfees, without reference to the surface to which 4% is at-
te zheds

{C) The average unit leading is usuelly assimed to be consbant over
the szpen. (m account ol the nature of The chord distribublon ocurves speei-
Pied in Figures & end § of Aeropautics Bulletin Yo, V-4, it will be simpler
to assume that the unit loading st the hinge line i3 constent over the
S[oTie

fectlicon 20. Ialencing Loads,

(A} The btalensinr lomds apply only to the horizontael teil surfaces,
Do Ly

ag the silerons end ve.tical tail surfaces are used only to o small ex-

teomt for balancing puroses, Thse ucs of the vertical teil surfaces for

bolancing a mmalsli-engiied airplane having one engine desd is provided fer
in Aaroniutics Bulletin MNea 7=-4, Sec. 27(4). Sze also Secs 25(F) of
thig bullstin,

Design enaditicon IIT or IV is used for determining the balaneing
e horizombtel ta2' 1, £: ovtiined in Asronauties Bulletina Wo. Tty
Yo Conditica III remre. :nts a steady pull-out at the des 51lid-
» Condition IV iz ussd te cbvista the commruktion of tow nalanc-
inad for steady flight et this speed, These two condition: cover
of £l gﬂ“ astltades likely o be ersounterad at the desiga glicd-
sed, condition IV being slishtly conservetive in scme cuscb, This
gondition, however, o reseris tne effects of a "down" gust, which
ter? tu ioreese the deamn Lc.d which was achtirng om the tell telfore

the gust wns saccunbered. te greater balaneirg locd obtarzed fror condl-
ticn IV is therefore mot objsetionable, in vies of thwe fact that no defll-

nite requirsnents ers spscificd for pust loads onm horizenbtel tails,
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(C) The chord distribution illugtrated in Figure 4 of A: VC‘HutluS
Bulletin Neos T=4 i3 irieunded %o simmlete a re1atxne¢ high arsle cf & v
tack condition for the stabilizer, in which vary n*hh unlt load

hal

be ovtainsd pear the lesading eigb. The cpponive loa. ng required
2} svator in tho balenecing conditlon prevides for tha comtrol furce which

might te exertsd by the pllct to hold the airplamns in eQJilI”Tium. A
minimm value is “peclfisd for this eout- el fore., az 1% is possible for
such & force to exizh oven when the nsb balaneing tail losd 15 zero,.

(1) In Pirvre 4 of Aeromsuties Bulletin No, 7=-4, the load from
the elevator is shown a8 a conoeutiated loend ect’rz atv the elewntor
hings line. Ths hinge moment iz, of course, resusted by the contrel
srstem and ther.afors doos not affect the stabilizer,

Seetion 28, Maneuvering Loads.

ey Genersi. The sp.cifications for mepeouvering loads lired in
saronautics Sullistin Ne. 7T-A ars inbe ded meinly %o placs Ldu dcte minetion
of suck loeis on a speed -~ foroe coeflilcient besis, to spscify values whisl
arree 50 -+ant’aliy with previcus proctlics, and to provide for the elfacuz
af greetar elrolane spesda. It should bo understorod that the methcod 1s de-
signed Jor cobnvenilonal wirplenes and that in detsrmiring the marouvering
loads the designer should consider the Lype of servics for widch the aifyr-
piene is <0 be used.

(3) Desizn Svead. The apesd ¥ n apscifieﬂ in tsronautics Bulletin
Noo 7=4, gac.“u;TL,, 3 tesed cx the assummiion that ths greatast 2 woeding
or. the movable surface apd rear pertion of the fixed swrlface will be ob-
teined in s sudden pull-up at sowe spead iIn excess of the stalli g sowed,
The Formale for V, is intended e provide for ke followlns Jeaturan:

{1 vV, oannct be ieps the the minimam sweed of level fiiazat,

(2} Aravmdr ; trut the sire of the surfaces Lz governed larzely
by the necessity Ior acaquata, controi sl the mirimar spesd, the formm-
ia terds %o reducs the wait loadin; for bthe largsr vorotrol surfacy areas
roquiresd when the stolling sveed i3 low,

(3} The aigh sweed of ths sirplere iz iunsiuded in the foromla
a3 a gevarel nmeasurs i the magnaitudia of iha =mmosuTaring =2 a3ed, 8o thab
the unlt Zoeding wi.. be inoresssd witl en inersess in hizh speed.
epirisal fachor 4o grovide {or the
b+ evperismeceld by svwll alrpisne:,

Trhis factor is adiustsd so ag o mmke the conbterol sarfacs loadi—gzy £+
averaz s sivplanss sgree epproximavely w'th tlose kacam o be satisfasiory
from tast esperisnce,

(4) The faobor X, is
o e ammrenanmners‘xﬁ ely Lo

o
ok

(e Doasizp Ceel”.cient The dzsisn valuwes of Cp suizifled in Aero-
naviies Bulistin No, ?;n‘;'?’esﬁnt scelficionts wiich een bs ttained by
delleoting ihe comtrol surizce-, the higheal walus rapressyting the larzest
deflection of the xovable surface sipesotad at the dozign sresed. ILower val-

ues areg used Pfor up londs ov the herizorisl tall awrfases end for the
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Sac, 28

vervizal tell surfanses,as the corresponding cortrol foroes are e. .ectsl to
be less in these cases. The mmericsl values of the coefflcients arse
ordinated with the vaiue ¢l the facuor in the equatioe for des’ 'm uyued
and do not represent the nexizum ooeffici-mts which can be obtaine. w' ch
co.venbloral control =rfaces., Highor values rmey bo desirebls in ceriain
cises, depending on %he purpose of the alirplane.

(T) Load Distributicrn. The chord distributicns shown in Figures &
and & of Aeromcitics Bulletin Jo. 7-A represent epvroxirasely the type of
;oaclng obteinsd with the moveble surfece deflect«?, For tall surfeces,
this type of loadirg i3 oriticel for the movable sarfree and for tue rear
portion ol the fixed surface,

axp

:gfgiﬂﬁ_ﬁoeis. Haer. a conbtrsl surfece is del’seted sudd-mliyr, ths
11l mereuvering loed t:nds to bulld up iwrwedistely, eftsr which the atp-
plane begine Lo acquire en angular veloelly, This angular motlorn causes
the direction of the relztly.y air sirsen over the firad surface to change,
which ecsuses the alr lead on this surfacs to bnild up in e direection s sh
ag To opross the amguler rohteition of the airplsne, This load is connen-
tirrated neax the leading =dge of the {ixed surface and iz commonly refervad
to as the damping load. It is providsd for in Asronausies Bulletirn No.
Ted as 8 surrplementery conditlen based on the initial maneuvering condl-
tion. (See Sees. 26(C) and 27(B), Aeronsutics Bulletin Woe 7-4). The
damping load is clessly rslatied in megnitude to the Initiel meneuvering
load which produces it, so thet _t is comvenisnt to use the latter lond-
ing condition teo determine the dempirg load on ths fixed swfzce. To
aveid the neceasity fur a serzrets anslysis fur demping loeds, the dlstri-
buaticn is made the sers sz for the balareinc loeds. In the case of +the
horizonmral surfeces, ths demping leed therefore acts as & minimm limit
tor the degipn ef The firxad surface and need not be Invsstigeted when ths
wvelencing load is eritical.

~
{3

{F} KL1+;-en§3*ed Alrnl anes. Section 27 of Aeronautics Bulletin No.
7-4 specifies that zhe velie © £ ¥y chall not be less then the level flight

speed with onme enrine degd. tha ruling ig based on taw assurotien thed
tne unbalanced yawing moascd prosent in such m comdizlon will bw bolaonced
oy the wertleal btuil surfaces. 1o some cases 1t may Le advisabls To in-
rreass the value of the noermal Iores coeflizlernt to acceowrt for fentures

sach &3 engines which are ve.stively far from %ie plane of symwiobr

o

- n O N “ i 4 - 5 I 2 JE e
1) In estlﬂa*iaﬁ tne gpeed with one sarine decd 2oy use in this
meoner the following somroxirate eguesion may be .
T o
[‘p =
Hiaera :ip =
¥ = Spen [Tt
o = T of svzins:.



Sec, 27 Sec. 27

"ams. In the design of wins flaps, the critical loanding
ally When the flen is ecmpie.ely extondsd. The raquire-
merss o {lingi in Ssgiion 29(%) of Asronaucics Pullstin Mo, 7wl agply only
wroer She fleps are not used et speeds above a osrtain predetermined desien
bneni 24 noted In Seetica 18({D)3 of ieromauiics Bulletin Fo, Ted, a
plueerd 1s reguired to inp“rm whe plles of the spee’ vhich shoul
Pmc @d with I

‘laps © vduq.

) The flep position which is most critical for ths flep trewsy

ey not else be orivical for t?a flap control mechanism and supnoroili
wruebures,  In dowbtful emses the flap hinge moment cin be plotits

ien of flep an-le for wariscus anglies of attack W“Jh;n the

Th necesss.y characseristic ourves should ba obfaived

» wind turrel tests. The following T.A.C A, publizat.ous

¢ fiapn in general: Texhrical Hotes 422, 483, 463, 472, :
sure distribution date fuor spliit flaps cant be found irn Tachmiecal
Ce 498,

Trailine~Zdre Tsbs. The offecie of tabs om the major contrel
are agrountad for Ly the mebhods ontlined In Section 2¢(B} of
Aeromr%*cu Sulletin No. T-2, In debtermining $hs normal force coeffi-
clant vo he usasd Jor the comrputatlion of the teb loadirg, thse best a7:il-

eble wird-tunnel date sheould be used. .L2.0.24. Report No. 380 ocan e
zsed fer this purpose, pending *te publiecseticn of more suitadle dsia.

' A . - ro . 1 - - s
{1} The loadirg condicicn specifisd in Ceetion 29(3(3) of
Aerorautices Bulletin Ho. 7-A Zs diagresmmaticslly illustrated in Fig-
2 20{a) of +his bulletin, This condition reprassouts the cass of

2 tab losd snl the contrel force both acting .o ag Lo resist the
hirge moment due to tre air l:ed on tie moveble swiace, For con-
vorience, the distances and moments cen te computed for the neutral
nesitior of the movable surfacs and Sab. actzally, the tab lozd »ill

fond to deoreaze sligitly when the movable surlace is deflectsad, but
ot s smpll and diffleult te determine rebtionelly, should

v 3

Lo 1
im Seetiz:m 28{(R){4) of Aeronensics
Teil 3 1 Figurs 20(h: of +his bullstis 1%
revrasernts the case 28 %he vilet ovposing the nings momsrt produce:
tre Sab and hapce the meximuan control force 1s spescifiad.  as neted i
‘ Sul in itl 1L :

yol
saronasutics
t

H

o ]

i

I

ne accouLsd

(el
ey -



Sec, 2B. Sec. 28

Strass 9ﬂ1‘r“*-,

PRI R — s

enalyzing mevable control surfaces supported at sewern‘ hingea

v should he “aksn in the use of the "three-mouerni” equatiomn, In
S ; asswmpbion et vhe points cf support lie In a gihraiznt line

-t
A

ng results. When pessible, ths erlacts of the deflzeticn
prort ghould be approximated in the enelysis.

aiacts of In'tiel ripging loads on the firel inbternal loeds
ere C1Tfieult to prediet, but in "ar' ain cases may Lo serlous enough Lo

ST ENT, 30T invgut“gatlcr In this commsction, methods bLeased on lseasy work
or daflsction theory oflfer the only exact solubicon. ApproximeTe methods,

sfactory 1Y baged on raticnal assumptiors. As an exemmls,
t a corlain counter w) e will no% becomﬁ slack =efore tThe
a

e
) ais
MONCVQAJ are sasi

o,

ched, the ulwl;sls can bs conducted by assumdng that the

v s fored, scting in addition to the exsernal aly fore

D
n

2 a

.1 A frem the counber-wire con be assuned to be a certelin ver-
nentage of ths rased loso end will of esurse be less them the initisl rig-
zing loed )

Sesticn 2%, Flobter Frsvention - Balancing.
(&) Stetic )alaﬂﬂe. Zatisfactbory static balence ¢ a rovehle control
e

e ic sbtained s tba center oFf zravivy of fthe movable strueture

gurfa o i
{exeluding control systen, iz loscabed on the hings lins or in a plane through
the hinge 1ine snd rormal %o ihe msan plane of the surface,

(B} Tymemis Balanne. A movable surface is dynamically belanead with
rospech 10 & siven axis 1i an sugular accelération of ths surface about
thet ax’s does nok band ¢ cause thre surface fo swing about its own hinge
lina, & eontrol surface which is dynemically balapced about a cersain
“neubrel" with rospeet to a torsional it -atiom
will aect substentially as a rigid struciure.
Ag “the types of fluther ¥ to be ercountersd in airersft structurss in-
elude Ledh Scrsional and ing vibration, the type of btalencing employed
zand the chodice of o guiteble referencs :r;d for any given sese wlll depend
o1 ﬁhe “a"t““”l&r *)rm o1 flutter to wi ube ccuoonent 1s sgubjset. The
o torsional Til

T ghe fugeliage ere shcwiR on
cess of a madder.

abeut that axis; that is,

L
C
[0
e} r
[
D
T
O
=
+
po]
F

vl Ine siing the drmernds balence coefflicont a2z o
. P “ Iy A R, -
iarcnanuize Sulls Ya. Teh, Sechicn 3007 A, the surfias e
i < - 3 " 3 3 A s = e R Ao —
veStlyfteﬂ should he dlvided dvio a reolatiwely la niaber »

The weirhb of rbilon and the parsendicular diss ance Trow
Tor af zgravity of t*e cortion to esch axis should Les detartli:sd.
regulbant graduct o e 3
dual produens of o '
irertia of :
ncted v ove., 2.fs

iten whers welght

g & 1a agual



Sec, 27 Seue. 259
(2) The dyramic balsuce crafflclent 1s an approxir =bs measu s

o the amcrvs by W 8 gawin cenbrol swrface is out of balancs.
The conveovion For zigrs uwsel i zeror ~uties Bullebin No, 7-A corre-
spords to the sueeticn thsat srey itew, the inertla effect of whleh
woul b Taaretge the tende sy of the couLbrol surface Lo ard fiutter,
res e posivive produst of Irertlia. Tho positive and nezative quad-
rants arse indieated In Figuia Ll,

(3) Im the case evET W_nuu and tail surfacss e type
¢f bending vibration i im which the loeati~n of ths basic
£ rotat on ia ind balng differenms for different items
wruieo owith whia A oo of the structure. 1In such cases it
fvle o appror .n,.'t'" the degired conditlion by sssumdng a ocnser-
locetion for the sxis o* vibreslor, Inoeny cess, ccuplels -
o boler re will De cokbain.” 17 each iadividusl pertion of the mov-
a.c-“;a surface L3 stetizally balzaned with resossh 43 the ninne Lins
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. 30, 31

Chaptor 7 = CONIROL SYSTHLS

Section I, Geueral,

{A) Figure 22 shovs a summary of the dssign c¢onditions for control
systams, s2 spocifiad i Cheptesr ¥, Seculen ¥l of Asrcneautiocs Bulletin

¥oe T=A. A chiert off this naturs cto bo used for tebulating the loads umad
in the stress znelys’is., Suoh a table L3 ugelul for refersuce aud chacking
DL J0BOS,

Section 31, Speeial Fastors eond Limits.

(AY T4 ali cases il supiied leacds for coutrol sys'ems ar: speci-
fled ag 125 pereent of ths asctual loads corresponm ing o0 The control sur-
259 applied loealng, witr certein maximum and ndnimon limits, Tuae factor
o 1,35 i3 uzed Lo eccount for varicus feitures, such as:

(1) Differances hetmesn ths achuial aid the agvumed copirol sur-

feeo load distrivutica,

{2) Loasirabilitr of exbtre sirength in the conbtrol systau to re-
dieca deflsctiona.

/\
»‘./'

Reduetira in sty webh dus Lo weor, pisy in joinks, ete.

(B} The nmeximm 1linita ars besed on the gratest nrovbebls conbrol
foress waleh will bs exerted bty the pilot. Thesse forces can be excezded
under sever> aconditionsz, but the probebillty of this oscrurrence ls very
lew. The winlmun factoer of safaty of 1. which is required in any
sase, will permit the morimum aprlisd load %o b9 excsedsd for a relasive-

ly short bims wiunout s8rious conisguencas,

- g

(C) The mirimum limits avunly ouly o cases whare the control sur-
Tece applied lcads are relatively small. It is thea probabls that the
minimum cornirol forcas will be apniied, even though the conbtrol surlaces
are complately utillized and are against the zlips.

L
[
3

he rejulreument of an ewira factor of safaby of 1,30 for
: 1

aprly iu the cese of contirol systems, as the facbor of o
s suflficiant mearzin and ccaservasive rules are specified for deter-
o oallowubls Bearlng atresses in 3 cicus, When The control syshem 13

gecigred by either the peximur o+ minlimun control forees it i3 alse wn-
nocesgar - to use thw extra factor -.f safewy for £i4

- 43 -
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. Considerations.

{a) In some czses ipvolving specisl laeverage or gearing arravpomentss
the eoriticel leading on the cecunbtryl system may nobt occoir when the surf . ae
is fully derlected. For ewxample, in the cass of wing flaps the most ari-
+ | 3

L
the control system me)y ba that corvesponding £5 a relativae-
placesent, ever after propar allowance is meds fop the

narse in hirgs moreornt, This copdition wlll occur when the mechanical ad-
age of tie grstem becomes smmll at small flap deflections.

]

(R} An investigation of tie strength of a conirol svshsm includes
the surious fittings and brackets 2sed for support. In perticulor, the
rizidity of the supporting strucvirs is im srbant, espeoially in alleren,
wing flap, and tab conmtrol sysiems,

(2] Con%rol sur-Tace horns are considered a part of the conbrol
sygtem. Tris incliundesz the attichment of tho horwn So the surfacs,



Chapter VI = LAND TYZE LANOING CFAR

Section 33. Genersl.

{£) The basic landing corniiions srs ouilined in feronautics Sulle~
tin No. 7=, Secticms 25 to 38, and are tehulated on Figure 23 of this
bulletin. This chart can be usead as a awmary of the load factors for tha
landing conditions, by inse "ting the actual -relues usad,

{(R) The desizn conditions ere chosen so 25 to cover the various
nossitle types of lancdings with a minimonm swount of investigation. It
will usually be found that each different cendibior is erisical for cer-
tain merbers. If the Ilanding gear dasizn Is such thet it is obviouy thaes
a c2rtain condition cannot e critical, such a conditicn nesi rat be in-
vogtipated for the landing gzear., It wlll probably be necsssary, nocwsvar,
to determine the loads asting on the fuselage for all conditions, for use
in the fuselege anelyeis.

(C) Comventions. In order to simplify the procedure used in analyz-
ing landing zear and -lost bracing it is recommended that the following
sonventions Te used:

(1} The basi: refersnce axes are desizmated by V’(p031t've up-
ward), D {(positive rearwvard; and A (positive outwaru} {#or side land-
ing conditions ¥ will be positive outward only with respect to one sida).

{2) Tensica losds aro cositive, compressicn loads negatlive.

(%) Llloments sre revresented by vectors accordiyg to tre "right
hand" ruls.

(4) The besic axes also ravresent positive moment vectors, esch
axis beinr the axis of rotation for +the corresponding mement. (lotes
charging the sign of a moment reverses the dirsction of the vector).

(8) Ia writing the eguations of equilibrium, all forces should
initially be assuned to be tension {thet is, positive). The true naturs
of the forces will be ludicated by the sign of the veotor obiainzd in
the final soiution,

{8) Moments cen be combinsd vector“allg is exactly the sams
menner ag forces and can also ove solved for DY the same msthods.

3eation 4. Unsymmetrical Lending Condiblcuns.

(A) Side Larding. (Aercnautics 3ulletin No. 7-A4, Sec. 37(4)).
This comdition represents a loadirg such as would be ottained in & ground
loop. It will usually result in critical compressive leads for certain
brace members which oarry larze tension louds in the symmet:rical landing
conitions. It may also be critical for some fuselege members edjacert




Sec. 34, 3b Sec, 34, 35

te the lending gear. The analysis ol the fuselage for +this conditicn will
be lteker w in Chepter VIII.

This condivion uoes not rsgulre additionmol imvestirafion for the lar-ing
gear stiootore, as the loads ere Tho sare as in Level Lapding. It repre-
sents the "whipping" condition cbtained in either of the Tws following

G885

JUREY y - R . . s .
(B) e sel Tanding. (Aeronmauties Bullstin No. 7-4, Sec. 37{B)).

{1) The airplane is assumed to strike the zround with one whael
only. The initial loading iz such as %o nroduce & rslatively high ergu-
ler accelsration, which is reszi-ted by the angular inertia of the aire
plane abous ils longitudinel exis through the center of gravity.

(2) After strilkdinz the ground on ore wheel, or after = landing
with considerahle sids losd, the airplans has acquired an angulsr velo-
eity shoul ite longitudinal axis and tends to roll over on ome wheel.
By the time the oprasits wheel is cleer of the griund, any apprecileble
zids load will provably heve dissppeoered, so that the ocewwhesl landing
coidition ¢ be used again wishout modifiecati-m. Any tendency to con-
tizue roliing aftsr the loed has been Yransferred entirely to one wheel
will not be likely to increase the load on that whesl, as the kinetis
ep=rzy of rotatlion will be converted into potential snergy Ly the riss
of the cenber of gravilty.

{¢) As the one-wneel landing condition is used only for tle desicn
¢f fuseiage and wing attechment members, e delailed explanation of the
strozg Analysis procedure iz included in Chapter VIII,

Section 35. Shock Absorption,

{A) The tarm "shock-sbsorbing system"™ usually refers to a pneumatie
tire and somo form of shock-sbsorbing strut, intercomnected by a system
of members whlch determine the relative motion of esch component. Any ntime
ber of different shoek-absorting systems oan be built up from the sams
shook strut and tire by changing the geomotry of the landing gear struciurse.
The chiracteristlios of a shock-ehsorbing sysiem are not detarmined by the
incéividual caarscteristiss of the strut and tire alone, but depend on the
interucticn beiween thess two compounents. The latter relatiomship will, of
course, be goverasd by the geometry and design of the landing gear.

{B) As specifled in Seaticn 39 of Aeromautiss Bulletin No, 7=-4, shock-
absorting systems are requirsd to assord the energy corresponding to a
free drop from a certain height without permitting the desizz load faotor
to be exceedad. The design load factor i1s used hers inm conjunction =ith
e relatively large height of free drop in order to provide a factor of
sefaty with respect to shock-sbscorption capacity. Dynamic tests are usual-
ly necessary for the determination of shook-abscrpticn capacity and char-
acteristics. The capaolty of tires alons can usually be obtained from the
menafaoturer's curves., When a tire i1s used in conjunetion with a sheek
strut, howsver, the tire characteristica cammot be used directly in The de=-
termination of the charascteristics of the eatlire system. The following
poinis should be noted in connectior with tests of shock-absorbing systems:



Sec, &b Sec. 25

e

(1} The meximum loads on the 4ira aad shoek atrut mav not
crour et the same instant and sre not necasserily of the sams rela-
Live megnitude.

(Z) The "semie-sprumg" weizht {wheel, tire, and movable por-
~rher} should be approximately the same in the test

(3) Corrections should be zmwde to account for the effacths of
ey design, wertlenlarly wheu the static load on the sheck

3 conalderably differsnt {f-om the correspeonding load on the
tirs, I% is impossihis bo regroduce axactly the conditisns in such
a ca3e, when a dre: teat is made with the shoek strus end tire in
line., The followlny procedurs (i usually sufticlently accurste, where
X ls is of the lond in the surut to the lomd on the tire:

[ Sad

{a) Use a test weight equal to X times the nominal load
on the Lire.

{¢}) Roplace the original tire with a tire having a load=
deflseoition curve, eacll orliinate (lomd) of whish 1s ¥ %imes the
originel walus sud each abscissa (defiection) of which is 1/X timaa
toe original vaine, the original wmlues being those for the tire
actunlly ussd. In addition, the maximun doflsctiom of tie test tire
should te limitad to 1/K times ths maximum deflection of the origi-
mal Sirs.

(d) These adjustments will cause the actual sonditions to
osely reproduced, except thet the impect velooity will be
in errars As thisz factor is of considerabls irporiance ia liguld-
and-orifice types ol shock sbtruts, oo large a dicerepancy in the
impact wvelocity i3 undesirable.

{C) As shoek struts ars usually desizued and adjusted tu yive the
hirhest sfficlency with a certain tywe of tire, any changs of tire Lo 4
trpe having a considerably differsat load-dafisebinn curve or shock ab=-
sorption capacity will usually requirs a rscheck of the shock-abzorpuicn
characseristics of the system.

H
ke
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Sece 36
Cnepter VIT = PLYIHG BOAT AND SEAPLANTE LAWDING CONDITIONS

Section 35. Gaonerzsl,

(A} The verious landing conulflons outlined in Chapter VII of Asro=-

nautics Zullebin No, 7-4 ars sumnarived on Figurs 24, As noted in

Aero-

nearsics 3ulletin Ho. T=A, the reguiremeuts for {lyinz boat hulls hare not

been cormlebely revised, slthough scwe revisioms have beer made im order

¢ z3lmolify certeain loeding condi®tlons, In partdeular, the subject of o
sures on hull end float bottoms werrarts further investigation, In

e case of largs Tlvive bosts it ls recommendsd that e preliminery sche-

ule of the propesed leosding condibicqs be submitbed before the siross

iz completed, This will provids en opporiunifty to mske use of

gt sveilsble date or. tl= guliject end may, in scuie cases, result

ing In struetural weighi,

(B} 1In certein landing conditions a higher wvelue of the mininmum
factor of safety 1s reguired for some vortlons of the structure, This is
primarily for the purpcse of outaining grester rigidity snd <o prowide for
tossible variaticne in the lead distribution. In general, whenover the
ta%tal facter of sefehy is l.82 or greater, no further *ncrea 9 iz reguirad
for fittings. (See Aeronautics Bullesin No, 7-4, fee. €7.(E)). It may be

o

however, to use an ineresased factor for fi+t1nbs which ars
sed or subjected to reversal of loading, in order to provide
acts of stress conceptraiion, fatigue, sand wear at Joints.

Sectlon 37. Design Landinpg Conditicna.

{4} The landing conditions cutlined Tor sesplsnes in Sections 44,
45, and 486 of Aeronmautics Bullstin Ne. 7-A correspond, in geaneral, to
the ~onditicns weed for lsndplance. These conditiors apply to convention-
float inssallaticns end 3in such cases will provide a sufficient range
loadings. “here wneonvenvuionel types of Float bracing are erployved it
Wy De a~v75ab19 to investigete cther landing attitudes, depending cn the
type of loading which appears to te most eritical for the structure,

-y

i
IR
ot

(B) The design landing ccnditions for flylng boets, as specilied

Section 47 of Aeronauties Bulletin No. 7-4, are used %o pro*ide for

ernl different types of lendings with a minimum amount of stress analy-
sis. In particular, the comditiom specifisd ss "Two-wave Lending” actual-
1y orovides Tor two Zifferent landing conditicns, one in which the bow
trilkes the woter firs%, the otkher in whieh the stern reccives the initiel
impacT The arbltrarv rsgumphions as to roactions and panel-point loads
£4 the analysis and to insurec additicnal strength
Sha whers fziluwre is meost likely to acour. The
e taken up in sreatsr detail in Chapter VIil,

LR
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(C} Mo requirements are specified in Aeronautlics Bulletin lo,
for the landing cf flying boats with side losd. Such s cond’tion 1s not
likely S0 be critical for the hull structure ss a whoele, but in the

o Tt
'l i~
vestization of bulkheads, ete, it way be advisable to consider whe effects
of angular seccelaration such ag thabt cbtained in the "landing vwith side
g g
lzad" cozmditicn for seaplsnes (Lercuauties Bulletin No. 74, Sece 46),
Lo L] J

The analysis of hulls for such conditions correspends to that used for
ruseleges and will be deacribed in greeter detail in Chapter VIII.

-
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Chapter VIII = FUSELAGE, ENGINT MOUNTS, AND NACELLES

Section 8., {eneral,

(A) Figwre 25 swmmarizes the various conditions which may produce
eritical loads in Tuselage members and indieamtes the portions of the
structure to which each condition usually applies. It is obvious that
the analysis for any condition need not be carried beyond a point at
which it can be positively shown thet no critical loads are produced.

{3) Ia eaddition to determining the lomds in the main structural
membors of a fuselage {or null} the local loads immosed by the intermal
weights which it supports should not bs overlecoked. This applies par-
“icularly to members whieh serve both as a oritieal portion of the pri-
mary structure end as & means of support for some item of eppreciable
weight, The combined stresses should be determinsd in such oases, ex-
copt that control system loads need not be combined with the primary loads
from the flying or landing conditions.

Section 39, Stress Analysis Proocedurs.

(A) Weight Distribution. All major items of weight affecting the
fuselage should be distributed o convenient panel points in such a way
that the true center of gravity of the fuselage and contents is main-
tained. A suiteble vertioal division of loads should be ineluded. The
following rules should be followed in computing the penel point loads for
conventional airplanes.

(1) The weight of sn item located between two adjacent penel
points of the side trusses should be divided between those panel points
in inverse proportion to the diatence from them to the center of grawv-
ity of the item.

(2) The weight of an item to the rear of the tail post or for-
ward of the front structure should be represented in the table by a
load and a horizontal oouple at the tail post or fromt frame.

(3) The weight of an item supported at three or more panel points
should be divided bebween those points by the aid of an investipation
and anelyais of the method of support, if practicable. There a ration=-
al analysis is not possible, the division may be estimated.

(4) In all oases the moment of the partiasl pamel loads due to
any item about an origin near the nose of the fuselage should be equal
t0 the moment of the item about that origin.

(5) 411 loads mey be mssumed to lie in the plane of symmetry

and to be divided egquelly between the two vertical trusses of the fuse=-
lage,
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(B) Eelancing (Symmetriocal Conditions).

(1) The methods of balancing the airplane are discussed in
Section 12. It will, in general, be satisfactory to apply directly
the balancing loeds found for the various flight conditions. The ac~
celeration factor applied 4o each item of mass in the fuselage will
be the net acceleration as determinsd from the balancing computations.

(2) The basic inertis force om any item will be perallel to the
resultent externel applied force and will not, in general, be perpendi-
cular te the thrust line. 1In certain oases the chord components of the
inertia forces (that is, the components along the thrust line or fuse-
lage centerline) can conveniently be combined into a single force and
applied et the nogse of the fuselage. This procedure permits the use of
vertical inertia loads but it should not be used unless it is cbvious-
ly conservative for the eritical fuselage members.

(C) Balancing (Unsymmetricel Conditions). In any condition involv-
ing sngular scceleration sbout a given axis, the inertia force applied to
the structure by any item of welght is proportional to the mass or weight
of the item and its distance from the axis of rotation. Each anguler in-
ertia force will act in a direction perpendicular to the radius liue be-
tweoen the item and the axis of rotation. In order to facllitate the an-
alysis of a condition involving both linesr and anguler acceleration, the
loads produced by linear acceleration should be determined separately from
those produced by angular acceleration. When unbalanced external loads
are applied this involves the determinetion of the magnitude of the net
resultent external load snd its moment arm about the proper axis through
the center of gravity of the airplane, It will usually be satisfactory,
in analyses of this nature, to represent the major items of weight, such
az wing, panels, nacelles, ete.,by assumed concentrated masses at the cen-
tars of gravity of the raspective items.

(1) Figure 26 illustrates approximate methods by which the
fuselage can be balanced for a typical unsymmetricel landing condi-
tion (one=wheel lending).

(a) Sketen (a) shows the level landing condition in which
the resultant lead does not vass through the cemter of gravity. In
such cases it will genersally be satisfactory to apply a balancing
couple composed of a downward foree acting near the nose of the fuse-
lage and an equal upward foroe aoting at the same distance to the rear
of the oenter of gravity. These arbitrary forces can be considered
as approximately representing angular inertia forces and they may be
divided between the nesrest panel points, if desired.

(b) Sketen (b) indicates a satisfactory method of balanc-
ing externally applied rolling moments about the longitudinal axis.
The forces resisting angular aceeleration are assumed to be applied
by %he wing. The arbitrary location shown is based on the faot that
that the effectiveness of sny item is proportionel %o its distance

- 5] =
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from the center of gravity. The balancing loads may be assumed to
be vertical, although they would actually act normal to a redius
line through the center of gravity of the sirplesne. If necelles

or similar items of large weight are attechsed to the wing, the bal-
encing couples can be divided between nacelles and wing panels in
proportion to thelir effectivensss. This type of balanecing applies
elso to side landing conditions, ineluding those for seaplanes,

(c) Sketeh (¢) shows an approximate method for balancing
a moment about a vertical axis. This condition exists in a one-wheel
landing. It is conservative (for the wing attechment members) to
assune that the balencing couple is supplied entirely by the wing.
The magnitude of the unbalenced moment about a vertieal axis is, how-
ever, relatively small in the design conditlons recuired in Aeronau-
ties Bullstin No. 7-A. In order to secure ample rigidity ageinst leoads
tending to twist the wing in its own plane, 1t may sometimes appear ad-
visablie to check the wing attachment members or cabane for a greater
unbalanced drag load acting at one wheel, or a side load acting at the
tall,

(2) It should be noted that the balancing couples shown on Fig-
ure 25 will act irn addition to the inertia lomds due to linear acceler-
ation, For instence, in Figure 26 (b) the load V shown as a reaction
at the c.g. actually represents the inertia loads of all the components
of the airplane. Those due to the wing weight will act uniformly on each
wing panel and will be added arithmetically to the forces representing
the angular inertia effecte. This applies also to the other cases illus~
trated.

Section 40. Special Analysis Methods.

(A) Torsion in truss-type fuselages. In analyzing conventional truss-
type fuselages for vertical tail surface loads it will be found convenient
to make simplifying essumptlons as to internal load distribution. The fol-
lowing methods may be used for this purpose, the first method being more con-
servetive then the second.

(1} The entire side load and torgue may be assumed to be re-
sisted only by the top and bottom trusses of the fuselage. The distri-
bution to the trusses can be cbtaimed by taking mements about one of the
truss centerlines at the tail post.

{2) Tor the structurs aft of the rearmost bulkheed the tail lead
mey be represented by a side load acting at the center of the tail rost
and a couple egqual to this load times its vertical distence from the cen-
ter of pressure of the vertical tail., The side load may be assumed to be
divided equally betwsen top and bottom trusses. For the structurs for-
ward of the rearmost bulkhesd the tail load may be represented by a side
load acting at the center of the tail post and & torque acting at the rear-
most bulkhead equal to the tail load times the vertical distance from the

- 52 =
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arrter of pressure of the vertical tail to +the eenter »f this dbulkheed.
1is side load may be assumed to be divided equally betwsen top and

bortom trusees., The assumpbion mey be made that the torgue (mot the
forces composing the eguivalent couple] is divided equally tetweern the
horizontal and vertical trusses. The couples acting on the bulkhead and
resisted by the top, bottom, and side trusses caun Glien be readily obtained.
Stress diagrams should be drawn for the trusses to obtain the loads in the
members. The longeron loads should be taken from the diasgrems for the
horizontal trusses, wvertical trusses, or the combined loads from both
trusses, whichever are largest. (This erbitrary practice is advisable

on account of the uncertainty of the load distributiocn between trusses).

~
[}
1
Ll

4

The diagorals of the rearmost bulkheads, the bulkheads through
wihiich the torgque is transmitted to the wing, and all bulkheads adjscent
to an unbraced bay, shoulcd be designed to transmit the totel torque. In-
termediate bulkheads should be designed to transmit 25 pereent of the
total torgue.

In some cases the loads obtalned in the bottom truss members may
be quite small. In suchh eases it should be noted that it is desirsable
to maintain a high degree of torsional rigidity in the fuselags and that
the rlnldity of the top truss will be completely utilized in this re-

sect only when the bottom truss is ecually rigid,

(E) Engine Torque. In investigating the conditions invelving engine
torque, the basic torque may be compulted from the following formula:

T = 83000 F/I
whers T = torgue in inch rounds,
P = horsepower of engine,
N = propeller speed in revelutions per minute.

(1) The resulting moment is taken care of by an unsymmetrical
distribution of load betwesn the wings and by forces in the fuselage
cross bracing. In certain cases, especially when geared engines are
used, the stresses due to the torgue should be computed for all fuse-~
lape members affected, the necessery resctions being assumed to act at
the comnnections of the wings with the fuselage., {(therwise the follow-
ing approximation may be used for nose engines. The torques load is
assumed to zet down on the engine bsarer and to be held in equilibrium
by vertical forces acting at the main connections of the wings with the
fuselage, the engine bearer and the membsrs of the fuselage side tTruss
being assumed to lie in & single plene parallel to the plane of symme-
try.

(2} “hen a direct-drive engine is carried by engine bearers
that are surported at two or mors poinbs, the torgue load should be
divided hetwsen the points of support in the same proportions as the
welphts carried by the engine bearer. ‘here an engine is supported
by & vertical plate or ring, the torgque can correctly be assumed to
act at the points of attachment. (The dead weight cf the engine, how-
ever, should be assumed to act at The center of grevity of the engine).
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(3) Ia combining the torgue condition with eny other loading
condition, for a symmetrlcal structure, the stresses due to torgue are
to be added arithmetically, not algebraically, to those obtained for
the symmetrieal loading condition, because if the forees induced by the
torque load in any member are opposite in character to those dus to the
dead welghts there will normslly be a corresponding member on the oppo-
site side of the fuselage in which the forces due to the torque loeds
end welghts will be of the same character.

(4) In enelvzing an engine mount structure, care should be taken
to distribute the torque only to those members which are able to supply
e resisting couple. For sxample, in certain structures having thrse
roints of support for the engine ring, it may be necessary to divide the
entire engine torgue into a single couple, applied at only two of the
supporting points., '

() Skin-stressed Fuselages.

(1} The strength of skin-stressed fuselages is affected by a
large numbor of factors, most of which are difficult %o account for in
a stress anmelysiss The following are of specisl importance:

(a) Effects of doors, windows, and similar ocut-outs.

(b) Behavior of metal covering in compression and as a
shear web, including the effects of wrinkling.

(e) Strength of curved sheet and stiffener combinatiouns,
including fixity conditions and curvature in two dimensions.

(d) 7True locstion of neutral axis and stress distribution
in bending.

(e} Applied and allowable loads for rings and bulkheads.

(2) Unless a fuselage of this nature conforms closely to a pre-
viously constructed type, the strength of which has been determined by
test, a stress analysis 1s not considered es a sufficiently accurate
meens of determining ite astrength. In all cases, the stress analysis
should be supplemented by test data. Whenever possible it 1is desirabls
to tesgt the entirs fuselage for bending and torsion, but tests of cer-
tain component parts may be satisfactory in conjunction with a stress
analysis. As this subject is now being investigated by the National
Advisory Committee for Aeronautics, the latest information should be ob-
tained from that organization before the stress analysis or test methods
ere decided upon.

« B4 -
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Chepter IX = MISCELLANECUS STRUCTURAL INFORMATION

Section 41, Fittings.

(A) In the analysis of a fitting it is desirable to tabulate all
the forces which act on the fitting in the verious design conditions.
This procedure will reduce the chances of overlooking some combination
of leoads which will be critical.

(B) The minimum factor of safety of 1.80 specified for {ittings
(3ecs 81(4) of Aerorautics Bulletin No, 7-A) is composed of the stand-
ard minimun factor of 1,50 end an additional factor of 1.20. The in-
crease of 20 percent is to msccount for various factors which tend to
increase the probability of failure of a fitting, gsuch as stress concen-
tration, seccentricity, uneven load distribution, and similar features.
As noted in Aeronsutics Bulletin No. 7=4, whenever the total factor of
safety for any portion of the structure equals or exceeds 1.80 the fit-
tings included in this portion are not subject Lo ar increase in factor
of safety sbove the wmlue used for the primary members.

Section 42. Wire=Braced Structures.

(A} The recuirements of 3Jection 62 of Aeronautics Bulletin Yo. 7-4,
peragraphs {A) to (C), are based on the necessity for proportiocning wire
sizes 50 as to prevent an excessive load from being.produced in eny wire
while rigging any other wire. These requirements provide for en average
rigping load of 20 percent. This mesns that when the maximum allowable
ratio of rigging loads (two to one) exists between two wires, one will be
assumed to be rigged to 13.3 percent, the other to 26.7 percent, If a
lerger ratio were permitted, such as three to one for instancs, there
would be a possibility of obtaining an excessively hiph rigging lead in
one wire while rigging the other to a relatively low percentage of its
rated load.

(B) The requirement outlined in Sectiom 62(D) of Aeronautics Bulle-
tin Ho. 7-4 is based on the fact that a decrease in the angle between a
1ift wire and & spar, will pgreatly increase the deflection for a given
loading. The formula used is adjusted so a8 to maintain, approximately,
the deflection which would bLe obtained for a 30 degree angle between the
wire and the spar. It will be noted that the value of K becomes 1.0
when the angle is 30 degrees. OSince K approaches infinity as the angle
epproaches zero, it will be found impractical to design wire-braced
structures for small angles between the wires end the members which they
support.
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(1) A specific exsmple of the application of these princirles
to an airplane wing is found in e biplane cellule in which lif't wires
are used for both fromt and rear spars, but which has only one landing
wire (or pair of wires). In such a case the landing wire must act as
e counter wire for all the 1lirt wires. This means that a relatively
high load mist be supplied by the landing wire to counteract normal
rigging loads in the flying wires. To meet the reguirement as to the
meximum allowable ratio of rigging loads it is therefore necessary %o
use & large landinpg wire, even though its design load from the flying
conditions is comparatively small. In this example it will also be
noted that the drapg truss wires will be loeded by rigging the flying
wires. Obviously, the drag truss wires should be strong enough to pre-
vent excessive rigping loads from being built up.

Section 43. Strength of Materials,

(A) In general, the strength properties and methods of computing
allowable stresses outlined im the current edition of the Army "Handbook
of Instructions for Airplane Designers” Section II, Part V, are accept-

atls. Certain exbtracts from these requirements and additions and devia-~
tions are noted belcw.

(5) Effects of Welding.

(1) Methods of correcting for the effecta of welding are stated
on pages 232 to 234, inclusive, of the above refersnca.

(C) Combined Bending and Compression.

——————— -

The allownble siresses for chrome-molybdemun stesl tuves {of any
heat=treatment) subjectad to combined bending and compreasion can be de-
tarmined from Figure 27 as follows:

(1) Locate the point on the chart representing the values of
fc/Fc and fb/F computad from the applied stresses. {(Illustratsd as
intersection oF dotted lines on Figure 27).

(2) Draw a straipght line through this point and the origin.
(Shown as diagonal dotted line on Fimure 27).

(3) Read the values of allowable £5/F, or fb/Fb at the inter-
section of this diagonal line with the proper "B" curve.
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(4) Compute the margin of ssfety from the ratio of the allow-
able to the applied fc/Fc or fb/Fb. (Wote: The true margin of safety
is obtained in sither case, that cobtained with the larger figures be-
ing, the more accurate).

{5) In evaluating coefficients, the following definitions are
used:

Fp = modulus of rupture in bending (See Fig. 137-1,
Arryy Fandbook)e.
Fy = yield point.

Hote: 1If desirsd, F v be asstmed to be
@.55 - .01 (D t?Tx (Ult. Tensile Strength),

I

Yhere D
t

dismeter of tube,
thickness of tube,

I}

(6) Figure 27 represents, in non~dimensionel form, the basic
curves from which Figure 136 of the Army Hendbook waes obtained. These
basic curves may be used for any depgree of heat-treatment for which the
strerngth characteristics are lmown and should also be used in any case
where the modulus of rupture is different from 120,000 pounds per square
inchs The curwves include the effect of' secondary bendirg end are based
on the type of primary bending moment curve produced by latersl loading
at the third polnts of a member. The method of obteining the margin of
safety is based on the assumption that an incresse in the basic applied
loads will cause the axial and primary bending stresses to increase pro-
portionately.

(7) If the effects of secondary bending were included in the
determination of fy,, it 1s probable that the curves shown on Figure 27
would tend to converge into an approximetely straight line, the egua-
tion of which would be

£
E‘i + 2 = 1,0,
Fp T

where fy, is the total bending stress, including
secondary bending.

This method may be used to determine the strength of a member, but the
margin of safety so obtained is not linear and must be recomputed if
there is a change in the baesic loading.

(D) Combined Bending, Torsion, and Compression.

As an approximate method, pending the development of more accurate
formilas, the effects of torsion may be accounted for bty the following
equation:
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£ f £
2y s Sa1,0
Fp Fo Tg

vlhere 5 is the shear stress due to torsion alone.
Fy is the torsional modulus of rupture for pure
torsion. (8ee Fig. 138 of Army Handbook)
Other symbols are explained in paragraphs (B) and (C).

(1) In using the above equation, a tube will be considered
satisfactory if the value of the terms is not greater than 1.0,

(E) Allowable Loads for Colwms. The allowable loads for columns
of stendard shapes can be determined from standard column formulas or
chartse. When colums of unconventional cross-section are employed, tests
should be made to determine the naturé of the columm curve, particularly
in the region where loécal buckling occurs. Such tests should satisfactor=
ily cover the range of sizes and dimensions which ars used in actual con-
struction. I% is usually preferable to use pin-ended specimens, as the
exact effects of end fixity are difficult to determine. Corrections for
meterial wvariations cean be introduced by the use of non-dimensiomal coef-
ficients such as those used in W.A.C.A. Technical Note. No. 307. (Figure
27 is teken directly from this publication and makes use of the same co-
efficisnts).

(F) Bearing of Bolts on Wood. The allowable bearing loamd for bolts
bearing on wood at an angle other than 90 degrees with respect to the
grain should be determined from Figures 120 and 121 of the Army Handbook
by means of the following formula:

N = £
P sin® 6 + Q cos® ©
where N = allownble resultant bearing load,
P = allowable load perallel to the grain,
Q = allowable load perpendicular to the grain
@ = the angle of the resultant load with the grain.

(¢) Standard Sizes and Ratings.

(1) The following table gives the rated strength of standard

tie-rods:
Roted Rated
Size Strength Size Strength
Pounds Pounds
No. 6=40 1,000 No, 3/8-24 8,000
No, 10-32 2,100 No. 7/18-20 11,500
No. 1/4-28 3,400 No. 1/2-20 15,500

No. §/18-24 6,100

(2) The rated strength of hard aircraft wire is shown in
Plgure 28.
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Chapter X = NON-3TRUCTURAL INFORLMATIOW

Section 44. Performance.

(A) The performance requirements outlined in Sections 73 and 74
of Aeronautics Bulletin No., 7-A are based on standard atmospherio ocon-
ditions, Variations from standard conditions should be accounted for
by acceptable methods. The procedure outlined in Sectionm II, Fart IV
of Army "Handbook of Instructiona for Airplane Designers" is satisfao-
tory for thls pwrpose.

-59-
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TABLE I

AERODINAMIC CHARACTERISTICS OF AIRFOILS

1l 2 3 4 5 8 T 8
chax GMC/4 & m CC
Max. Moment  Aero- dCy, Liax. Mean
12:; g?:ﬁii‘ ?ynam— da rear- Max. camber,
coef- i ic cen= X
- per ward thick- per=-
Adrfoil fici-  about ter in 144,  chord ness, cent
ent. 1/a percent 4 p. goef- per chord
chord  chord 6 fici-  cent  with
podt ent chord re-
where

Clark
Y 1.56 -0 ,068 24,2 4.10 0,0203* 11.7 3.8
TH=15 1.58 -,068 24.1 4,13 ,0223*% 15.0 4,0
Tii-18 1.4S -.065 23.6 4,10 .0236%* 18,0 4.0
Curtiss
T-72 1.62  -.084 23.8 4,23 ,0230% 11.7 4.0
Gottingen
287 1.56 =95 23.9 4,27 .0301=* 15.1 5.9
398 1.57 -,083 24.4 4.20 .0253#% 13.8 4.9
N-22 1.80 -.074 25,0 4,25 ,0229% 12.4 4.3
~.A.C.A,
0006 .88 0 24.3 4.28 .0065 6.0 0
0012 1.53 0] 24,1 4,25 ,0083 12.0 0
2212 1.80 -,028 24.6 4,31 ,0102 12.0 2.0
2409 1,51 =,044 24.7 4.31 L0093 8.0 2.0
2412 1.82 -.044 2446 4,256 .0099 12.0 2.0
2415 1.55 -.040 2443 4,25 .0112 15.0 2.0
2418 1.43 =037 24,0 4,16 0127 18.0 2.0
4412 1.65 -.089 24.5 4,22 ,0158 12.0 4.0
CYH 1.47 -.027 24.5 4.24 L0126+ 11.7 3el
=6 1.40 +,002 25.0 4,26 L0054 12.0 2.4
M-12 1.25 -.022 25,0 4,03 .0113 12.0 2.1
R.AF,
1.21 -+052 23.2 4,16 +0100%** G.4 2.6
UuSeha
27 1.59 ~«077 23.7 4,11 L0154 11.0 Se4
35=A 1.48 -.111 23.4 4,18 ,0410 18.2 Te3
35-B 1,869 =076 24,5 4,29 .0217 11,6 4.6
* Tang?nt.chord line use? as reference, From tests in the
*ox Chord line based on original Clark Y chord. variable density

*%x  Arbitrery chord line. tunnel of the Nation-

al Advisory Committee
for Aerongutics.
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TABLE 111

DETERMINATION OF RESULTANT AIR FORCES

SEMI-SPAN
NO. ITEN Root Tip

(1) Span = b 0

(2) Chord = C

(3) Ry

(4) RbC=@ X @

() Rtb=@®Dx Q@

(6 =

(N ®Hox:@=x@
8) ¢ - (@2

(9) ¢y

(10) ¢yc® = @=x@®

K =
1

x

MAC =



TABLE IV

BALANCING COMPUTATIONS

(See Fig. 13 for symbols)

vy, = fit/sec. V, = ft/sec.

g
No. ITtem I 1T IIT Iv

(1) W = gross weight, pounds

2) q = ,00119 v*

(3) 8= @/

(4) ofs = @/®

(5} n, = applied wing load factor
(6) cy= ®/®@

(7} a where Cp, = Cy

(8) Ceo
®) gy =@ =x@
For/ @

(11) ¢' = design moment co-
officlent

(10) Nxy

I

12) m = (1) = ®

(13) n, = tail load factor

(14) - - = net load
e @ @ Ii}acto:'a

(15) Ny, = @ - @ = chord

locad factor

(18) T = @ = (13 = ta11

load




TABLE V

COMPUTATION OF NET UNIT LOADINGS (CONSTANTS)

Stations Along Span

10

11

12

13

Distance from root, inches
C'/144 = (chord in inches) /144
f, fraction of chord

" " "

T,

bererf=2@-

8, fraction of chord (a.c.)
j, " t i *
6 = unit wing wt., 1bs/sq.ft.*
a =(H-®

a =1 =@—@

r-3=@-0

3-1=0-G

¢ /144 v =@/

H
]

* These values will depend on the amount of disposable

load carried in the wing.




TABLE VI

COMPUTATION OF NET UNIT LOADINGS (VARIABLES)

CONDITION a—w==

q CN1(gto) C'a G, or C.P! ng
.
Distance b from root
(Refer also to Table V)
14 cN‘b = GNI(etc) x Bb/kb
16 | Gy (variation with span)
16 @ x @
17 | @9 +
a 18 (@) x «
:;, 190, x@® x Q)
Elo|@® -
21| yp =(20) x (3, bs/ineh
22 @ x
23| @ - @
al 24 @ X q
w25 ng x x @
3
2|2 - @9 |
27 = . x @, 1ba/inch
28 | C; (variation with span)
. 29 x q
LR
lal@:®
“ls2| g, = @) x @, Ivs/inch




FIGS. 1,2 ,and 3.—- ILLUSTRATION OF AIRFOIL FORCE COEFFICIENTS
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@ Aerodynamio ocenter of M,A.C.
@ center of gravity of entire aii-plano.
@ Assumed C.P. of tail surfaoce.

@ Center of propeller,

FIGURE 13 - BASIC FORCES IN FLIGHT CONDITIONS.

« = angle of attack, degrees (shown positive).

y

n = foroe/W (positive upward and rearward).

gliding angle, degrees.

m = mement W (positive clookwise as showm),

x = horizontel distaence frcm@ (positive rearward).

h = vertical distance from (1) (positive upward),
All distances are expressed in terms of the MJA.C.
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ALL VECTORS ARE SHOWN IN POSITIVE SENSE

FIG. 16
UNIT SECTION OF A CONVENTIONAL 2-SPAR WING

FI1G. 17
SECTION SHOWING LOCATION OF ELASTIC AXIS
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r Rdy + Fde Fe = CONTROL SYSTEM FORCE
e =

de Fi=TOTAL TAB LoOAD
Fe=TOTAL ELEVATOR LOAD

FIG 20

CONTROL SURFACE LOAD DISTRIBUTION WITH TABS
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FiG. 21
DYNAMIC BALANCING OF CONTROL SURFACES
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