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05.211 DESIGN AIRSPM

 gldders to a V_ grester than .36 times the

~ should be submttted.

s 1. : The valuea of the design airspeada aped.ﬁ.od in

. CAR Table 05-2 are minimm values. In certsain cases -

" 4t.may be desirable to use larger values; e.g., .

- utility type gli.ders designed under Class III (see.

.- CAM 05, 01) or high performance typé gliders designed
- under Class II.  (See CAM 05,70] regarding the -
 possibility of accidentally exceeding the placard
~.speed,) In order to provide for a high suto-winch

- -tow placard speed, it may be advmtageona %o use
e higher doci@ glidi.ng speed., v

' i

e rhekmuesspecimdinmmmos-zham

been determined on the basis of studies of the "clean- .

‘ness" of current gliders. The values of k for Class I
- . gliders have been set approﬁ.mtelynzh:lgherthan

the values of kX for Class IT gliders since blind -

fnyinghchasxglmgrsiapermittodandhighar

opodsmapttobeencounteredinrecovery(min—-il

_advertent attitudes. (uh.ieh miy be obtained in blind
‘flying) than in normal’ ‘§l4ding operations under good

' conditions. Since these constants have been ' -
 established on &’ simpliﬁ.ed basis it is possible that
they may lead to irrationsl values of V - when applied
- to particular cases, In any case it 'l:!.ﬁbe - DR

mmmtc doaign.cms I glidors toaV grea'tm- '
than .4 Mtho tem.nal valociw or to Sa

velocity., In 8ases when the value of V. is bssed on N

: tununnvolocity, 4n accardancs with t.ﬁe -above, calcula— :

tions lubstanthting the valua o.f tem:l.nal velociiv

Reviai.on to Pago .2-1
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05.21% BASIO FLIGIT ENVELOPE :

e ¥ In 80 far as CAR 05 2130 is coneemed ‘the ba.sic

.| flight envelope or V-n diagram is a locus of points
. representing the limit load factors and the
eorresponding velocities’ for the design criteria
‘speeified- in GAR 05.2131 'bhrough 05. 2133. ‘

. 2. A sample basic ﬂ.ight envalope is shom in
" Figure ,2-2. This envelope is contructed for a _
Class I aailplane of very ¢lesn design, having &
full cantilever wing. The basic dosign featnres
are as follows: \ _ ‘

} I/s -8 = 3.5 lba. per aq. toot.._ |

'R E&apact rat.io) ' -
n (corrected to R of 12) = 4. 6 por radim

e (u:l.ght of Id.ng) a 1,5 lbs, per nq. foot

L Inaecoxdancewithcmos Table 05-2, a value otk 61
should be used so that the miniwum design gliding speed
, _-\-.‘uhichcoﬂdbeusedmldm&v-‘a‘"z 114 mph.

. The corresponding placard "Never exceed" speed would be
»9 x 114 = 103 mph. In this particular case, ' however,
1t is assumed by the designer that a somewhat higher

} phca.rd tnever exceed" speed 1s desirable 80 a design

Vg of 125 is selected . (corresponding Pplacard "never
- excead® speed is .9 'x 125 = 112 mph). The construction
of the 'baaic £1ight envelope for this sailplana will be
_ontlined 1n the .f.olla':l.ng sect:l.ona : , :

05.2131‘ - . . .
4. Plot the follawing equstion to cbbain 1ine 1 of the
‘ positive par&l.on of the V-n: d:lagram. (See Figure .2—2)

n = v2 ‘where n ¥ maximm podsible positive
1%%s~ 1imit load factor st
: .~ the speed, V (uph). Thia
is based on a cL max.

o | - (dymamic) of 2,0, |
o jb. Drew a vert&ul 111:. through the velocity correaponding
o Vg (line 2- of ngnn z-z) 4

s

Revid.onu to P‘ago .2-2_
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05,2131 ‘¢.. Plot the rouow:'mg equation to obtain line 3 of the
S negative portion of the Vo disgram. (Ses Figure . 2-2)

n - _8%3- uhere n's . maxigum poaaible mgatﬂ.ve
~unit wing load factor at the: speed

R, This isbasedonach
(dynam:l.c) of. 1.0 (negative).

05 2132 Whan app]ying 'I'ahe requirament.s specified in CAR 05 2132 N
the .f.ollcling procoduro shauld be- Iollc'lad: g

: Dm a horisental 11ne (I.:Lne A of F:lgura. .2-2)
thraugh the greatest velue of n specified in
Items 5, 6, and 7 of CAR Table 05-2. This will
© interseot 1ino 1, drawh in accordance with CAM
o 05,2131 a, at point C and will intersect line 2,
» dravm in accondanoe Irlth CAM 05 2131 b, at point E.

,p.oiﬁ.od maneuver loa.d faetor - 5,33 | R
The gust relieving ra.ctor from CAM F:igur. el /\
+R=1 18 685 for s = 3.5 B0 ror th:l.s example, )
‘nm 1+~68_5‘x_ 24 x 125 X 4.8 14490 2 5.99__ L p

;-?vmzss\/""s.é - 5.5 wgh. R
(65.5%) e
~---[<'391‘,__ ) - ”] ﬂ

. The greatoat positin load factor of the thm o
values above is 5,90 &nd it therefare det.ermim PR o
. 1drie 4 of the basic flight envelope of Figuve .2-2 R e
S 1 ‘should -be noted that the positive portion of o L :
©. the’ basic flight envelope is repreaentad w the
i \ﬁmomEE'oiFig'aro .2-2. o

o
8
o

|f=f. '-*:IﬂI:

| " tam =

nﬂiaion to Pag. 2-5
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. REVISION SHEET NO. 7

“When applying the requrements sPeciﬂed in CAR 05.2133 3
the i‘olloning procedtxre shov.‘l.d be follcwed .

Draw 2 horizontal straight line- (L:Lne 5 of
. Figure .2-2) through the greatest negative
value of n specified in items 8 and 9 of
'CAR Tsble 05-2, This will intersect line’ 3
drawn in accordance with CAM 05.2131c, at
- point J and will 1nbersect 1ine 2 at po:.nt G.

: .Example- |

- '_Item g’ The specified maneuver 1oad .faci'-or -2, 6‘7

- The negative load factor due to a
" down gust is es i‘ollcrws :

v_ n= b ‘685;&4312514’_ = 1 4.90 = "3-90

;

5’75x3.

-

| :The area:ber negative 1oad i‘actor of the above

i8 «3,90 8o it-determines line 5 of the basic .

ﬂight envelope of Figure ,2-2. It should bo
‘noted that the negative partion of the bagic-
- f1ight envelope is remesemted by the figure
- FOJOOfFigure. -2

: 'c- In general, a5 inveatigation of the following apec:l.tic S
basic f1ight conditions, whichk correspmd to points on"the =
basic flight envelope (See Figure ,2-2), will insure satis~

o ,facrbory covara.ge of the crit:tcal 1oading condit-iona.

8.

ti,.on T - (Positive High Angle of Attack)
§ co on corresponds to point ¢ on t.he

) _basi.c ﬂight. envalope. The aarodynsmie

~characteristics Cy; CP (or Gy M) s and Ce to. be

used in the inves 1gatiﬁn ahould be determi.ned L

- as follom

(cmtinued on rsvisim Shu’b No. B)

‘Revision to Page .2-6
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REVISION SHEET NO. 8

-(1) . CNI.“ -g—- (qaua]ly QQuals' approx-
1 imstely 2,0)

where "I = wing load factor correapond- )
:Lng Yo point c _ )

B L ag = dynamic pressure correspond-
- _ : - ing ‘Yo the velocity Vy, which
in tm:-n corresponds to pomt H

. (2) ©_ = value corresponding to Cyy, 88 obtained
: fron the airfoil characteglst:.cs curves
(See Figure .1-5) >

(3) C.P. or CM velue cwresporﬂingtocu a8 |
’ " determined from the airfoil characteriatiw
curves. -

-'b. Condition IT (Negative -_Hig'h Angla of .Atta_.ol':).
co on corresponds to point J on the
basic flight envelope. The aerodynamic -
characteristics to be used in the investigation
R should be determined’ as follows.

(1) GNIII nII‘3 (usual]).y equals appro:d.mately
- -l.O
(2) G, = value corresponding to ON (nay be

assumed equal to zero if poaitive)
(3) CP or: CM value corresponding +6 CNII

condition II1 (Positive Low A.ngle of Attack)
8 condition corresponds to point E on the

basic flight envelope. The aerodynamic
characteristics should be determined as follows:

"(1‘) cNfII'I = %%IE; . (C_lIII - %)

(@) ch= vs.lueJcorv_reSponding-to GNI'I]'; (may be
assumed. equal to zero if positive)

Revision to Page .23
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REVISION SHEET NO, 9 - ,
(3) c.P. ‘or °n = value corresponding to GNIII

‘Gondition III (llodiﬁ.ed Poaitiva Lmr Anglz oi'
order to cover the effects of
j-lim:l.ted use of the aila'ons ‘at Vg on the, mings = .
and wing bracing, such structure slwu]ﬂ be :l.n- )
vestj.gated for the following. S

SN Gn O o

>2 C.= valﬁeoorresondi ‘o
@) G e c1"1111

(3) Cy' = velue obtained from Figure .2—4, :
vhere c is the value correspondang to -

'-cﬂ c ' need only be applied to -I:.ha.t |
III o
“portion of the span ineorporating ailerona, :
‘wsing the basic value of Cy determined in
Condition. III over t.he remainder oi‘ the

Span.. -

Condition I‘V (Hegative I.ow Angle of Attack)
cordition corresponﬁa to point G on the .

- basic flight. envelope. The aerodynamic

characteristzcs shcmld be detemined 88 roilows

(I)GN =

(2) c value corresponding 'bo CN (may be

assumed equal to zero if positive),
“(3) C.P. or Cy = value. corrésponding L

camtltion V (G]Jding) This condition corresponds

to poE'E 771 on the basic flight erivelope and
. represents the flight condition where the ma.x:inm.m »
resrwsrd sacting chord load ocours. This condition o
wll only be critical for wing and wing bracing.
The serodynamic characteristics to be used in the.
innstigatim should be determinad as follows. ‘

(1) Gy z value corresponding to C, max. (positive)
(2) Gg' = G max. (positi‘re) + 0.01. P |
(3) C-P- or Cu = nlue corresponding to cuv -

. Revis__ior; to Pagé .2-9 |
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: os.zuo-a, 1. B

1. Por mumlly braced wings N the effects of tra.il:l.ng edge B

: flaps on the wing structure 8s a whole can, in general, be
acodunted for satisfactorily by modifying, when necessary, .
the basic ﬂight conditions 1n the follow:\.ng -mammer:

e Tho average va.'.l.ne of Gy! nsed in design conditions |
N IIT and IV (CAM 05.213% & e)ahmﬂdgqmor o
N - axoesd the qmn‘bity e | .

S Gy f S . .
7. where: G, is the average moment coefficient o

sbout the aerodynamic center (or at zero 1i£8)
.~ for the airfoll séction with flap completely
~ —extended. (The average moment coefficient
rofers to a wolghted sverage over the span when
" Oy is varisble. 'The wing area afrected ahauld Lo
-bensedintheweighting) - IR

'V, is the design speed with flaps m;ended, T
-~ specified in CAR 05,110. _ : T
,._V 18 the design glid:l.ng speed used in conditions TR

- IAT and v,

b, The average value of C,! usedindesign condition o
|-. SV (oA 05.21348) shounﬁ equal or exceed the quentity

X f
| cf Vg _
" wheve: c is the positive chord force
. coefﬁcien€ (average) for the. airfoil section
. with flsp completely extemded. (The average o S
“ chard fares coefficient refers to a uightod o
. average over the span) A - . B

it when ‘the above provisions are. made, -no balanc:lng eomputationa T
- for the extended flap conditions need be submitted; hence,
 these conditions cen also be eliminated from the design of the
'hcu'lzontal ta:L‘l. 8urfaces. : ’

 Bentsin o poge 1




‘..05.'21"50

GIVIL MONAUTICS MANUAL
05 = 'GLIDER ATRWORTHINESS
(Edition of June 1, 1940)

REVISION SHEET O, 11

o In special cases Where an investigation for the ‘
effects of unsymmetrical flight loads is required the
following assumptions should be made- .

a. Mod.if‘y Gonditions I and III (see CAM. 05 2134-a
+ &nd -c) and the most critical negative corndition
by assuming 100 per cent of the air load: to be
acting on one side of the glider and 40 per
~cent on the othber. _

'b. Assume the moment of inertia of the entire .
‘glider is ei‘fective._ - _

I'I:. will usua.‘.l.ly be convenient. to separate the effeots '
of the loads due to linear accelerations from the loads due

to torque T. It may be assumed that the stresses due to

unsymmetrical loads can be obtained by adding algebraically

- the stresses due. %o 70 per cent of the pormal (umnodif:.ed)

“loading to those determined by considering 30 per cent of

the normal total load to be acting upward on one wing panel
and 30 per cent to be acting domward on the other, The

 unbalanced moment or torque T is equal to 60 per cent of
- the normal total load on one wing panel times the distance

from the longitudinal axis to the centroid of the load
norma].‘l.y acting on the pa.nel. This is illustrated in

: Figo e 2"5

The a.ngular acceleration a resulting from the torque ’

".l' may be obtained from the following formla:

'_Q’ Ix (r&d/SBc..!

- where Ix' the momen'b of inertia of the -
' glider (and its contents) about
~ the X, or longitudinal axis.
(Ix mey be computed in accardance with the
~ procedure contained in NACA Technical Note
' No, 575.) = Iy in mass units.

| The torque T reais‘bed by any portion of the glider may

‘be obtained from the ‘following expression, assuming the

" angular acceleration to be consta.nt for all parts of the
glider- :
T - InO: (£%. 1'bs.)

vhen T, =¥d2

,wherenn.themass of part n
- ‘dp = the distance from the longitudinal axis
to the C. G. of part n in fee'b ‘

Revision to Page 2-12 B
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I-‘or wings havi.ng mean taper ra.t.:l.os (sea ¢ belmr)
oqual to or greater than ,33, the span disbr:l.mtion :
ahould be detemined as follows: ‘

N If “the wing does not have aerod;mamic tm:ut
"+ (lees, if the zerc 1ift lines of all sections -
are parallel), the span dd.stribution of norinal
force coefficient (Cy) should be agsumed to
. vexry in accordance with CAM 05 Figs, .26 amd
. +2=7, which are assumed to represent two . .
 extreme cases of tip loading, ' Each case should
be invest:;gated unless it is demonstrated that
 only cne is cri_tica_._‘l., As an alternative method,
it will be accepiable to investigate each design

‘cordition for only one span distribution using a . =

- rational distribution, except in the case of the-
- high-angle-of-attack comdition which gives the
- maximom forward chord loads (Conditiom I). For
this condition, the analysis should be made for

- both the rational dist:ibution and" that givon in -

Fig. 26,

_'_.B.' If the nd.ng has: aerodynamic tuist, the spa.n dis- .: :
"~ tridution should dbe determined by the alternative
method. givecn 4n (a.) above. .

e For | these purposes, the mean taper ratio is

. defined as the ratio of the tip chord (ob‘ba:l.nad
by exterding the leading and trailing edges to -
‘the extreme wing tip) to the root chard (obta:!.ned
‘by extending the leading and trailing edges to .
- the plane o:t‘ symmetzy),-- . _

- ., Acceptable motho&s of detemindng a ra'td.onal span

05. 21711-2

. distribution are given in Aimy-Navy-Civil =
‘ l“publicat:l.on ANCl(l), "Sparwise Air Load Diatribution“
" (obtainable from the Superintendent of Documents, .
Washington, D, C., at the nominal sum of 60 cents),
in N.A.C,A, Technical Report No. 572, in N.A.C.A.
‘Technical Report No. 585, in N.A.C.A. Tedmical
. Note Noo, 606, and in Appendix I, herein. .~

For all wings hav:.ng mean taper ratlos less than .33,
" the span d:l.stribubion should be determined by rational.

methads, unless it ia ‘shown that & moro severe diatributim '_ -

hasbemt'lsed..‘ :
Rﬂ‘:lsion‘bo Paze .2-14
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!htnct,obolwthq ﬂmmfhu pcgtshauldruau f.ollm:
vuom: meﬁgnmapplyeﬂytowingsrhichhan

mean taper ratios groator than .33 mlﬂthout
urodrnlﬁo mt. : ,

Hevimion to Page .2-15
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. 'l'he a.pprozimste method of chord loadings out]ined
el :I.n CAM 05,34310 for the testing of wing ribs is- y
_-'puiteble for conventimal two spar. construction: it
. ‘the rib forms a complete truss between the lesding. -
" and trailing edges., An investigaﬁon of the actual -
~ “chord loeding should be made in the case of stressed-
skin wings if the longitndiml stiffenars are. 'used to

aupportdirectairloads Inaomcasesitis

" necessary to determine the actual distribution, no'l'- -
 only for totsl load but for edch surface of thewim o
~ If wind tumnnel data are not available, the methods . = '
. outlined in N.A.C.A. Beports Nos. 383, 411, 456, 631
_and 634 are suviteble for this purpose, These nethods SRR
. congist in detem:lning ﬂ:e ibagich pressure distribu— S
. %ion curve at the "ideal™ angle. of attack and the S

. madditional® pressure. distribut:l.en curve for the
. ‘additional angle of ‘attack, These curves can be

"-several w:lde]y—-used

coordinated with ceruin ‘values of Cyy 80 that ‘bhe
 .finel pressure diatribuﬁon ‘curve ceén bé cbtained
.+ immedistely for any c&r Curves of thit nature for .
t ils can bo obtained diroctly

e g g e e i et g < <y e e e

e
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Fig. .2—9(b) is now plotted uaing as. ordinates the

valoes of Ry (:x obtained from item 7 of Table ,2-I.
The area under curve ,2«9(b) divided by the area
under curve .2-8(d) gives the distance of the mean
aerodynamic center from the base line O-F in Fig,

+«2=8(a).  This d:latame i.a :l.ndicatod as x on that
'ﬁgm‘so

- Ré'vis:l.pn to Page 7.2..‘19
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"3, A-tabular form will simplify the computations
. required to obtain the balancing loads for various
- flight conditions, A typical form for this pur-

CIVIL AEROMaVTIGS wawmr o
05 = GLIDER AIRWORTHINESS . . =~ - -
‘(Bdition of June 1, 1940)

REVISION SHEET _No %

.. pose is shomn in Teble .2-II. In using Fig.,2-I1

a.

/7 and Table .2-II the following assumptions and
' _cmentions ghould be enployed: y

, ,'Careful attent.ion should be paid to those '
, Toot-notes of Flg, .2-Ll Which pertain Lo

the sign convention that has been adophed. -

TT Imown forces are opposite in direction .

from those shomn in Fig, .2-11, & negative
sign should be prefixed before inszéﬁg—’
e computations, In particular, it

should be noted that the vertical distance,

» 18 negativas when the wing aerodynamic =

_cénter T8 £bove the C.g., and positive when

the wing aerodynamic center is Delow o
c.g,. The direction of imknown forces will

be indicated by the sign of the value =
obtained from the equations. A negetive

 value of n, will usudlly be determined from -

Y

\"C.

the balancing process, indicating a dowmn

.load on the tail, Fer conditions of

positive acceleration the solution should .

‘ give a negative value for n,, a3 the innrtia.
load willi be acting d . ‘The con-

vention for L corresponds to that used for -

. moment coefficients; that is, when the value

of Cy is regative oy should. alao be mga'bivo, .

' indicating 4 diving mnt

' A1) ‘aistances should be divided t.he MAC
: B'Efcra beIng used in the conputi&

Tho chord lcad ac'bi.ng at the taﬂ. sm-races
nﬁybemg]ected o

Revision to Page .2-25
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i e poked ShAE the Toad fastit apociﬂed
' fn AR 08,244 (z..o) 1a s yitimte Joad factor sod noh
o Lt ood tasicr.

Bﬂiﬂ-‘m 'bo Page .2-35




CCIvIL AERONAUTICS MANUAL
' 05 - GLIDER- Amamm-:ss

.  .\» . M , (E,iﬁ,on of Jme 1, 1940) v , 1 

R e e REVISION SHEET NO.. 18

®

' The note below sloetch (d) of figure .2-16 ahould read as fo]lm ' . e

"Note- P 900 lbs. or 2,0 times the gross weigh'b
‘ whichever is great.er (hm:.’c.)

Lo

 Revision to Page 241
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05 3213-5 Dmmmmn 01? AI.I.QWABLE s'mEssm AHD !.ARGINS 01? SAFETI
. Allo-lablaStressea..‘.' | .

o \-.,'.g.-'j In order to determine the allowable strauel for

‘the le edge skin, & representative sectiom _

ot nose spai'*_'xiould be static tested for - N

the follo'.’mg loadings (the length of the test . = = - Can

' 'specimen should nct be less than four times tho
‘ u:l.dth (or chcrd) of the apar)s - ,

- (1) Pure torsian () to establiah allonblel -
y “for torsion and churd shqar in the 1ead.tng
- edge skin, : >
(2) Chord bending (My) to establish the L
T e ~ " allowsble bending stress for the loading
LR T edge skin, If chord shear (S,) is also.
L e ST incluied in this test, it should be hep'b
TR Lo o Qlowas cmparedriththe d:ord bending

.- Inordertodotermmgthe dlwablem s o

. for the flanges and the web, if necessary be- . =~

" cause the web is unconventiamnal, a specimen ' A

" representing the web and flanges should be statde o R
testod tor ‘pure beam loads (uxands). SR

e, Im order to detemine the general bohlv:‘..or o:t
. the emtire structare, the complete spar should =
- be proo.f tasted for the wit:l.cal oondlﬁms(a)

4., The formulas coverad in Table .3-III should be
: *usedtooanpntetheallouabh stresses. Of S
' course, the "effective? areas used in such .,
" computations should be consistent with thoso
ued :ln the final streas amlysis. -

Rﬂisionto Page3-19 L
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. Jv}‘
m ARD TIRES _
; _' In Ihool type 1anﬁing gem, the approved ﬂleel _
“rating shall be equal to or exceed the gross weight -

if one main landing wheel is used, or half the gross oy
_ jaigh'b if two main landing wheels are wsed. Vhen S o

unrated wheels are employed, their uvitimate strengths
" should not be less than the ultimate loads to which : S
. they are subjected. Any standard tire adaptable to -
y the meel 'ﬂ.'l. be eonsidered accaptable. _ .

mmto Page .3-23 .
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05,3253 - A, 1, b. Bahavior of cmring in cmession and as a
, . - shear wab, including the eff.ects of m.nkling

" Revision to Page .3-26
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.hquiredtodemmtratethatthemsorhunehing
‘release mochanism will function properly when so = _
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OPERATION | msr or Tm m mmm:s:s

As stated in CAR 05.342 (d), operati.m tom e

: \;1(
BT

loaded as to correspond %40 one~half the limit forces

specified in CAR 05,251. (See also CAM OB. %434 (2d)):
.. These operation tests. should be conducted with the

~ "fuselage supported and restrained in a menner which.

- will avoid excessive ﬂapr.tngi.ng" ‘of the fuselage

. nose sections when the test load is suddenly released.

Inasmach’ as the purpcse of the test is to demonstrate
the releasing characteristics of the mecharism under

 Joad; the fuselage resisting loads may be appl:t.od at

any convenient peints on the ﬁuelage near the
rolun mechaniam 1oca.t:l.on

Bevision to Page 329
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05.34302-2. Loading schedule. A loading lchedule ahould bo

prepared, showing the load distribution to be used and

_ giving the values of the loads to be applied &t each
. stage of the loading process. When the load is to be -

- applied by mesne of bags of shot or by weights, it 48 -
desirable to weigh each increment of loading in advance

and to assign it to.s marked. space on the flgor, so that -
no coenfusion will result. The loads can be dividod into .

suitable. increments of aban'b one. sixth (16.7¢) of the
required "ultimete" load. In the ususl case, such
“incremerits w1l be one quarter (25%) of the- requ:l.red

m1imitn load, so that the "proof® test loed will have
been reached at the fourth increment. The "ultimate"

“load will then be reached at the sixth incrememt.
After reaching the "™ultimate" load, the size of 1'.ha

. increments should be reduced so 'bhat. the second -

- sdditional increment will produce 115%. of the "ult:lmate"
‘Joad:; - Hwever, if the structure should show signs of

failing at any time the 1oading incmments ahauld be

| accordingly reduced. _

'7 Rgvi’sio;:ﬂ:_ie Page S
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os. 310 2c(1)

(1) For the high angle of a:btack fJ.tght comiit:.on, ribs of- eho:rd
“length greater than 60 inches should be subjected to 16 equal
- “loads at the load points given in Tables ,3-~IV .or «3-V.. :
= -order to determine which set of load points is applicable to _
" 'the particular airfoil used, it is first necessary to determ.r‘:e‘
. the rolloﬁng alrfoil eharacberist.ics- B o

| f.-;a’. . (Pressure Distribution) classification - ‘this
- . is:expressed by & capital-letter followed by a
twodigltnumbersuchasclo,Bll ‘D 12, ete.

- , | R For the present purpose, only the number porbion

R 4 the classification need be considered. _ .
- B - O cme. - moment coefficient abont the a.erodynamic :
S cenf.ei'
c. . Cember - . 4n percent chard. (This is’ necessary only
. “in the case of airfoils having a "12" presaure '
-d:lstri‘tmtd.on cla.ssifieation.) o R

_ '.l'hcse characteristics are readﬂy obt.a:lnable for ot a:!r-

. "foils from N,A.C.A. Technical Reports Nos. 610 and 628, .

- -airfolls in the 10 or 11 classification, the 1oad points -
-g.'shonld_-be__ taken from Table .3-IV, using the line correspond-

. dngto h‘ocma _ value of the airfoil. (Table o3=IV . - -
huuld also be'Gded for rib loading points in cases where =

16 P,D. ‘tlassification 18 not available, ‘or in cases whers.

f‘he, designer does not wish to determine it.) For airfoils .

-the 12 chssiﬁ.caﬁon, ‘the Toad points should be taken

o from Table .3-?, using ‘the line corresponding to the

caniber of the airi'oil. + In cases where the

: 1331 ‘position of load mumber 1 is less than 1/2 inch from
_ aadingedge,loadsla:ﬂi’maybecombinedintoa '
ngle load (of twice the unit value) and applied st their
&1 ‘For ribs having a: chard of less than 60 inches,
-8 'equal ‘loeds may be used, their arrangement being such as
%o produce shears and momen't.s ‘of the same magnitude as
-would be produced by the applicati.on of 16 equal 1oads at '
the- 1ocations speciﬁ.ed abcvo. B SO

05-34310-36(2)
(2} For- the ned:l.m angle of attack’ cordition 16 equal loads . -

-"should be used on ribs of chord of 60 inches'or greater, .8 B

- -equal loads for chords less than 60 inchés. In either csse

. 'the total load should be computed as specified in CAM -

. 05.34310~2a. " When 16 loads are used, they should be applied

- at 8434, 15.22 19,74, 23.36, 26,60, 29.86, 33.28, 36.90,
40,72, 44,16, &9.22, 54408, 59.50, 65 80, 73.54, and 85.70

- per centofthechard. When 8 loads' ave’ used they shallbe
80 a.n-angod as to give coﬁaparable results. R

B.eﬁsion to Page - .3-36
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WING TORSION TEST
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(Delm thjs aection. (This subject :I.e now

cmmd by § 054350, Fim ‘*~3—8 (page 3_39)

ds still applica'ble. )

e _“Rei_isiqn to Page +3-37
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bt

Y ’ -

Towing and launching loads 'CAM 05,251 states that it

will be unnecesdary to irrvestigat‘e launching and towing
loads aft of the front spar. However, in testing for

 these coniitions, loads must be applied at points aft

of the rear spar to resist the test load on the towing
hook. Care should be taken in testing for these con-
ditions to guard against overloading such portions of

""t.he fuselage. For instence, if'the side load (CAR 05,251-d)
is resisted by the front strut fitting amd the tail post,

and nothing else, the loading in the rear part of the -
fuselage might be higher than the design load and failure -
would occur. The solution in this case would dbe to apply
a moment at the wing root fittings and at the strut
points as well as at the tail, each of which would be

less than the maximm 1oads ’for vchich the fusela.ge is

) designed.

When' dec:.ding the magnrbude and location of the fuselage
loads which will resist the towing loads for test pur-

' poses, it should be borne in mind that, in actual flight,
“the loads on the tow line, especially side léads, are

resisted by inertia loads as well as by air 1oads. For

. example, much of the side load will be resisted by the

inertia of the wing, through the wing root fittings,

- while the vertical components of the towing loads will

be resisted mainly by the inertia of the various items

- of mass in the fuselage, with the loads being applied
lthrough t.heir points of attachment to the mselage.

Reference is. made £ GA.R 05.2&5 which affects the o
strength of the wing root fittings and smmndmg

| structm agaa.nst unsymetrical loads.

‘I'he commen‘bs of the preceding section. regarding testing
for towing losds apply also.to landing gear stetic tests.
Care should be exercised so that no part of the fuselage

- . ig overloaded locally abt po:lnts vlhea'e high 1oads would
. not normally be expectad

Revision‘bo Page .3—-4'7 |



0535 FLUTTER PREVENTION TESTS

08 356 WING TORSION TESTS :-AND'DETERMNATION OF GOEFFICIENT oF
. TORSTIONAL RIOIIT Cpp 0

./ oo

1 In order to determme the coei‘fn.cient of t.orsional
R r:r.gidity CrRs. it is pecessary’ ‘to apply ‘a pure torsional
7. couple near the- wing tip and to masux'e-.the resulting
-+ angular deflection of the wing ab selec‘ted intervals EO
.-along the semi-"pan. iR SN

.1‘_.‘..

”:'_-"2 Set-up.._ The mng should be moun’oed on. the fuselaoe e T

" or & sultable jig, either of which should be anchored

" --j’fsolidly to the floor or-- ‘wall to prevent movement ov. dls- :
- placement of-the wing.  The landing gear -should be .
- - blocked on-the airplane, The torque load may. bef__a..pplied R
. tothe wing tip through several beams clamped to the m.ng-‘ e
&8 near Yo the tip as is practical “such’ as the -outermost.- T
_d.rag truss compress:.on rib 1ooation. ;The platform cablesi-'_- S
-~ “..should be attached to the torque beams an equal.distance - .
StV Lt forward and aftoof the elastic axis.of the wing. This |
T T s e axds may be located. expenmntally by roc.king the: torque
Chen oLl beam - and noting the modal point on the Wing chord'as
e 7 yiewed from the tips  Typical set-ups are shown in F:Lgure SR
L .43=8.  Care should be. ‘taken to see. that t"le strength of
o ookhe local wing ‘structure at the péints of applicat:.on of ©..

 »the torque loads from the beams: is- adequate. For.con.. R

- “.wentional two' spar wood uings, it is: advisable to apply
., the. Toad directly ‘to the ‘spars. through wood . blor'ks rather -

- than attempt to carry. the load through a.{r:.b to the spars.. f:f' o
L ‘_Wings ‘which are to be fabr:l.c coverad sho _d/be t.ested '

-‘--uncavered N F PR s S

P ,Sceles for reading t.he deflections should be susPended from :
© 0 ... 'the leading and trailing edges of the w:mg (excluding the
.o 4 aileren 'T.E.) &t intervals-.of approrx:!.ma'{'.ely 107 of the'wing .
. semi~span, and ‘should preferably be graduated in the decimal = *
i system with graduations sufficiently fine to obtain readmgs.:_-::__
‘. to'a indredth of an inch, "The deflection readings canbe
SEl o T :-,readily obtained by the use of a_ "Wye" level or transit set = -
R .. up at some point that will pemit- sighting on all scales.- IR SN
SRR Co /. Several additional-scales should be attached to the fuselaae_-' i
5 and opposite wing (or jig) to determine if there is any’ .
= ov relatiwe movement of the entire ‘airplane.  The level should
- % ".be checkdd against a bench’ mark on the wall before a.nd afberf}“
o ‘each grcmp ofreadings.‘ SR ST e

O 6WRB020 .ot e T }-5. SRR SRR
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3 _i.gg The fo]loring procedm'e mav be usad

Obtai.n gero torqm reading on a:l.l aca].es, 1.0., the tm
L :,platfom should be anpported so. that. thera will be no
- torqne couple act:l.ng , : S

b. ,Add a' suff:l.cien‘b amunt of weight to each p]atfm tmtil

readsble deflections are obtained. ‘In general, it will
_be found desirable to make this first ‘forque moment :
(inch-lbs,) equal numerically to approximetely 140% of '

the gross weight of the glider, Care should be taken et

' ' to include the tare weights of the platfm-ms in'the
_i-torque oompubations. - ,

ey 'I'ake readings of a:l.l scales.. _

d,  Add suﬁ‘ieignt. load' ‘t.o mcrea.se the torque by 505 a.nd
o ‘_talce acale readings.- S

e, Add suﬂic:.ent load aga:i.n to increase the original torque

by 100% and take scale readings. This last torque should

. result 4x a twist of the wing of from I.5 to 2.25% at the:

S .wing tip, ‘which is desired :l.n ordar to- obtain sat:l.afactory
. -data for compubing CTR- R

. A fThe data to be ‘recorded: are; _’ohe 1oad applied; its lever
. arms the. deflection- readings a'l'. ‘selected points; and: the
. exact location of these points both elong the span-and
" along the chord of the wing, It would be desirable to-

" uge a table such as shown on page ,3~52 which woum :l.nclude |

all compubations necesse.ry for detemi.ning c‘l‘R

E 4. mt,erpretation of resul‘bs. Hava.ng obta:med the lead:l.ng a.nd
" edge deflections (F and R in table (3eVI or & corresponding set of

 dats, the angle of twist at each section of tha Wing for a given

 tarque, .or platform load, is calculatad and plotted against tha wing L

emi-Span measured from 'ohe wing Wpe

T 9 = Angle of’ t!i.st :!.n degrees at amr sectd.on of the wd.ng ‘
e tan-l (Lead; edge defl. . (F) 4 trailing edg: def.‘l.. R- =
B 14 (f%‘dﬁ&-d distances beween 8
f:'.or 9-57.3-F+R degrees . B

'-.‘Plotting the deflection (F and R) and a.ngle of wist (B)aga:mst wing /

. semi-span (L) will reveal any inaocuracies in the data and will
o ;facﬂitata checld.ng the results. PR _

T he coefficient of toraional rig:.dlty may now be mputed using the

f,\_

.3~51 _-.' S
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, Coefﬁoient " tm'sional rigidi'by (lb.:l.n 2). 1t is equal tp'; -
- tER reciprocal of the toraional deflection per unit 1ong+.h per ‘
: unit- torque end 1s usuglly expressed in vilues to-the. 10-6, .

‘48 = Angle of twist in degrees, :I.n ‘Yength aL (in inches), caund :
by & torque of" ¥ ' ineh pounds. Réferrihg 4o the curve of angles .
‘of twist () vs.. ‘semi-gpan (1) shown in Figwre .3-9, it will' be
seeri that 46 = slope of the tangent drawn to the curve at any

 given poin®’ Hence , it is.only neceasary to draw the requizéd .
~ tangent to the curve ‘at the vaiue of I at which the cmj,g dgjs_red
_a.nd obtain %,'0: to use 4n: tbe ‘above: fomula for GTR- v

It 18 very important that tha tangent line be dram acaaratoly.
‘This can best be done by first drawing the reflected curve to
~ the point of tangmcy (originsl curve may be dreawn. on trans- .
- ‘parent paper and used reversed or the targent spotted in directly
by use of a small mirror), and then by bisecting the resulting
 angle, as shown in Figure .3-9 for & wing section 60 inches from
., the wing tip. The tangent line should be extended to both axes
'so that the slope of the line may be oanputed aecura.tely wh:l.ch
in t.lﬁ.s example is equal to dﬁéo/dLéoo T \

should be computed for each of the three torque cmdiuona ‘

g 884 ‘at a pumber of points along the wing semi-span and p:l.otted S
L against the distance from the wing tip (L). This curve will show
.- the variation of torsional rigidity throughout the semi-span and
. -may be used for ‘purposes: of compa:-iaon with wings aimilarly B

'tested (See CAM 05.4100) -

L3851 vmmnon TESTS

1, The required vj.brati.on tests may be. made by ahak:l.ng the -
~ verious units of the glider by means of an unbalanced rotating
'weight driven through & flexible shaft at speeds which can be
controlled and measwred, or by, other- pcceptable ‘methods, These
tests should be made on & camplete glider. - The fréequencies -
obtained for the' various units should be entered in Form ACA-719- )
‘Flutter Control Data.. (A reprodu¢tion of this form to a.pproxlmately
- . % scale is shom &s Teble .3-VII on page .3-55.) Copies of this .
B form ma.ybe obtained from the ofﬁces m‘bioned in. paragraph 2 below. '

2. vibration e t is availatle. at the Civil Amnmucs
‘Adnin¥stration oilices at LaGuardia Field, Lotig Island; Kansas

N city, Mssouri, @d Sanba Monica
. gg ’mint magt Pe obtained by conﬁac%l ifog%aﬁ igg&aﬁmhis
eronautics Administration re resen‘bativas will
‘the manufacturers' personnel in opezl-)ating this equipm:gsm

R T
o .o : L

I
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VL 3 Att:l.tude of A:u-crat‘b All of the vibrat.ton teats, 'nith tho R
axee of. ge: vert.:l.cal bending and possibly the. mullgo e
o side bonﬂ:lng toats, ‘can be conducted with the glider tail wheel (or -
. 'sKid) resting on the ground, providing that the natural frequencies
L . of the varions wnits may be correctly recognized with the gl:ld.er :Ln
e o 4hde position. It has been found desirable, in some cases, to .
R . 'deflate the landing gear tires (and tsil wheel tire, if uaed) e e
=t 0 sppredimately 258, in order to lower. the natural frequency of tho - ‘
. tires below the frequency range expected for the structure, If -~ . .
. Q4ffioglty is experienced in recognizing the significent tnequoncies L' R
- with the tail wheel (or skid) on the ground, it should be raised Jnst
.. fxee from-the’ ground, either by a sling around the- -fuselage located .
a8 T forwerd 8s is m-act:i.cal or by blocking up in. the reglén of .
o . ‘the wings, - The latter procedure may be prei‘erablb fqr the mselage
ERRE verhical a:ad a:lde bendingfmodes. ERRE = _ -

-_,__'.'a Ineetion of Vihrator m the Stmctm‘e.

The proper locaticn of the vibrator on. the strnctura 'ia S
o ing .setisfactory results. Suggeated,\ L

© " wibrator locations ‘for exciting various modes oi‘ e
... vibratiom are gived in Fig, 3«10,

s .t 7 b. The effect of the vibrator weight on the ﬁeqmcy ot

{ S .. . %the structure may be apprecisble especially for the o
Yo U control surfaces. ‘The lightest weight vibrator giﬂ.ng ._
TN : S R satisfacto::r results ‘should be used. . Inzgeneral 3

v

- vibretors weighing 'up to 104 of the weight of the au.r-~ Cal
4. . fdce to which they are attached may be used ‘nithout o
- gorrecting the observed frequencies, unless the =
<7 vibrator distance -from the hinge line is. such a8 %0
.o . create a much Ia.rger relative effect upon the moment
o ek :I.nerbu of the sm'fa.oe. Horever, approx:lmate fro-. -
_ ' quency corrections can be made by adding several sma.ll, :
" incrementd of weight rnear the vibrator at the same . am
e fran the hinge 1ins as the v:l.brator, and’ plotting the
S pesulting total increment weights (mem:!.ng vibrator
RET Lt weight) agaimt the frequencies chserved. - E:brapohting o D
S : LT *;_‘._'f_'jthis carve. to uro n:l.ght should give t.ha corracted RETRE S
TR, _:]c.-.'-'-'In general, tha rollaw.tng po:lnta ahou.ld be considerod
- .’in the attachment of any type of vibrator to a struchn'e
B R ij;.'(l) “The location is of primary iuportanoo;a:ﬂ .should
F S T ‘be at.a point of large deflection. See Fig, .3-10 :
T T _(2) _The vibrator should be so mounted that i‘bslineof
o7 Tferee will be in the most advantageous dincbion e S
S5 o excite the vibration mode desired. . . S AR
+ {3) It is desirable. to attach the vibrator to a pnrt '. ECO DR
g - .of the structure that dis fairly rigid auch a8 tha TR

o - ‘l:l.ng spar, control surface ribs, ete. e e
A . (4) ‘The local structure to which the vibrator is attachd B
STIL L e should have . adoquate atrength for the 1oads :hnpoeed =
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- 5. fes A cert.u.:ln smomnt of c:perimce is neceasa.ry in recogniz-
.- ing the: varlous mxdes and resonant rrequencias.- In conducting the.
tests, the vibrator. shonld be placed on the structurd as suggested

- and then operated at increasing speeds until a response pesk is -
.. reachsd (the amplitude of vibration of the structure is apprecubly
. ‘greater than at slightly higher or lawar apeeda ‘thus indicating a
~ resonant cond:.tion) i _

6. nui-mg the vibrauon tests molmg ‘the conhrol sys'bem,
controls should be restrained by ‘an assistant to simmlate the con-
dition in flight, When the control system incorporates dampers or :
- _power boosters, their effect on the frequencies should bé comsidered. - ~
- It is important that cable control systems be rigged to their proper _ T
tension. In general it will be found that cable control systems will .~ - .
‘bave & larger resonant frequency response range than a mre rigld =~ .
‘system, such as ope incorporating push pull tubes with close fitting
" Joints., .In the former case, when an unusua‘lly large range is en~. .
. countered, it is desirable %o record the ‘frequencies at both ends of
- - the response ‘range. In most cases it is sat:mfactory to note on:ly
'l'.he -mben :lroquency va.‘.l.na for: the parbicular mode’, /75‘.“‘ B

T Té shouldbo ndbed t.tnt itmybe possib]s to mite & cert.ain
modein more than one way. - For instancs, .the fuselage torsional T SR
r Ay be excited in the fin bending test and conversely the - L
'..ﬂn beui:lng frequency may be excited in the fuselage torsion test. ST e
ases of ﬂxis type 1111 ‘serve as cross checks on each other,

: phuo relationahip of vibrating parbs may be determined o
by the mef.hod shown in Fig. .3-11 as applied to the particular case .
- - of the elsvators. The metal plates A and B, attached to the trailing

:  edges of the elevators and ‘intercomected with a wire, are necessary
. only in the case of fabric covered surfaces or swfaces which have a

", - poor electrical intercomnection. When the parts are wibrating the

N _phase relationship may be determined by manually holding the leads
C and D close to the surfaces so that intermittent contact is made.
- ‘during each cycle, If the light. flashes or clicks are heard in the

"&@..

P

°§

) O,

_  d.e., upper or lower), the aurfacea are vibrating in phase, whereas, .
AR - 31f the 1ight does not flash or no click is heard in the headphones,- :
R . the swfaces are out of pha.se. ‘This ghould be verified by reversing
co : ‘ one eontact, for e::mnple, putt:l.ng oont.act D on the umer side. -

(54

- fhe 1ocat1m of the nodes of the various form of vibration .
.should be established by the tests, . In.many cases the location of
 ‘the nodes is self-evident, or can be determired by visual obsemtion - g
‘ I’or by nfeelr”, Doteminatim of the nodes by the foragoing methods 18 - -
' generally satisfactory for most modes of vibration. If the tarsional - - = -
- axis of vibration of the fuselage (or the nodes for other. modes of R
‘vibration) cannct be definitely established by the above methods, & S
77 more detailed procedure, involving measurements of the ampl‘!.tudas of -
oA o v:lbraﬁ.on at var:l.ouz po.tnta shonld be enployod E _ » } o
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L ’_;s m. .3-10 gives a detailed doacripti.on of the poaa:ma modes
S that. nay be observed dm-ing t.he tests and 4ncluies suggested: vibraw
L -_jlocatiom i‘or each modc. cIn ral _only'a traction ot tho nodos R

e T
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Gable a.nd wire where used\ should be of airerai‘b

" qmity._ “Solid wire should be used only in drag sys'bems

‘- Siges smaller than 16 gauge (.051" diameter) shomid not - e

. be used. . The usual ferrule and thimble fastening is
. satisfactory if soldered with non-corrosive flux end

well clearied and varnished or primed. The wire should

e fnct be: over heated in the soldering operation. ,Where |

used for tail or wing stays, or ‘supports, 19 wire .

 strended cable with a timed copper wire wrepped and

- in control systems is discussed in CAM 05.434-1, See o

soldered serving is ‘satisfactory. The use of cables-

- Figures o4-1, 42 =nd .4-3 for cable fitt:mgs ad

| .".-'“ : fﬂplices.

Alminmn AllgE

N

- 7The alumi.rmm allloys have had some use in present
- dey glider construction for fairing and gap - ,
 covers es'well as fo pr:l.mary structuyes, It ;‘-
. should only be wdrked as a structursl material by .
thosde. trained in its use and then with the same.

| ucon-oaion. (See CAK. 05 4013)-

: e

' Revision -boPage .1.-2 7{_, o

1

care as applied to airplanes. -Tt is nob advisable ?""
. touse it for fittings in wood: or compoaite cop=
" $truction gliders unless properly proteo‘bed rrom SRt
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05,4001~ 2. _ysgn.c*és'._ o

. . Splices in stmct.ursl mod members when neceasary . RRCE
~ should have a 12 to 1 slope or greater and surfaces - . =
" fitted far perfect uniform comtact before gluing. The S R
. surfaees should be formed with a planer, if possible, -~ N T
- The dimensions and type of splice should be similar to :
those given in CAM 18, Care should be taken in
‘clamping glued splices to use thick -"cushion” blocks of
~° the proper slope and size so as to produce clamping o
~action perpendicular to the line of the splice, uniformly -
. .distributed, and not such that the pieces tend to slip
 pest each other. A i‘inished splice in wood or plywood. -
- should stiow no dmnge 11: cross-sec‘bion at the splice.‘ o

05.4001- 3. Glued ;oints L

S H:l.gh grade oase:l.n a.nd a;rn’al’ntim resin glma are.. - . -
o uturactory for making glue Jjoints in aircraft element.s.'- Lo T
The glue manufactureris directions should be followed T N
in the mixing and preparation of the adhesives, It O
should be noted that condition of the surface, moisture S T T
. content of the wood, gluing pressure, assembly ‘time, N '
" #nd protective coatings as well as other factors play
Lan: imporhant. part in the fabrication of acceptable -
Joints, Casein glue is extensively used in glider and
'ftirplme wood construction and its application haa been .
found natisfactory nhen usod as follows: -

. m glue joints should be held for at least 8
' hours under pressures of 100-150" pai for soft woods. and
150-200 -psi for hard ‘woods, ‘at temperatures of from
65° F to 90° F. No glue which has been mixed for more
than 4 hours should be used for gluing structural parts
_ Enough gluo ‘should be used aso that it squeezes out of a
. Joint at the edges and this excess, while it may be
g 'remmred by acraping, must not ‘e ﬁ.ped off,

[N
4

© Revision to Page .46
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-Steel aheet used for stresaed ﬁ.ttings ahould be
“handled with special care to avoid scratehing or -

merring the surface in any way. -Lipes should be-

‘dramn with a pencil end not a. aha.rp instrummt. .j; o
A1l bends should.be made around a block which has = - .
had the corner rounded ‘off to a radius of at 1east.;' RN
_twice the thickness of the metal. {(See CAM 18), R

. During the bending operation, sheet shiould be held

in'a vice which has the jaws covered with copper,
'l;:altm:i.num or brass so as to prevent mrring. s v
'Hammering should be done’ throug; a hardwood. ‘oloek .

rather than on the bare: ‘metal. Holea may be

" punched provided they are reamed out st least |
 4010" to get them up to size. When.drilling

-stacked’ sheerbs, the ‘burr shouid be removed from

. each sheet 80 that the hols is clean and sirface

T

- :smooth, Where cuts to.form corners are made, &
- - /1/8inch diameter hole should be drilled in the .
' _-"_comer and the cut made to- the holb, not paat it. o

" Revision to Page Ry
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o .-9554001—6,,.b._ High smngth alm.ﬁ'm allay shecb mt ba mked with
T ceution Yo aveid sny marring, ‘sératching, or sharp
. bends,: The strong aluminum’ alloya, guch as 17 St and
© .. 2 ST, should not be bent to a rading less then four
... . . times the thickness'of the sheet (CAM 18). Thebend & . . ' .
LS ‘,shculd be prefarably at. right a.nglaa to thedirection LT
- -of the grain,: Bends can’ be mde aver seft material Vo
S _;such as hax'dwood

S _05‘.4001+-7',:lb. : In glider ccnstruction, brazing will be £ound to. be o e
S 7 g’ satisfactory method of Joining thin wall tubes. : B "
S When properly dome, there is no danger of burning N
LoLoor inju:ring thin wall tubes. The use of brazing LR L
¢+ "will be permitted in the assembly of light ecntrol SRR
. . surface tubing, and in fuselage joints not sub:lect e
B --"to high loada or located at inportant connections. B

R I 36?151011“?&89-4-3 o
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-

. Wings. Long unsupported ribs may require bracing

.+ to prevent thein from turning over under the fabrlc.

" - . ‘This can be accomplished by cross-bracing with -
.. fabric tape cemented to the rib cap-strips, The

- " “ribs-should be ribstitched with a good linen thread
" on sbout 5 inch centers (See CAM 18 for recommended
sewing practices), It is also advisable to cement ,

the fabr:l.c t.o the r:!.bs. »

. Revision to Page .4-10
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Approved 1ocld.ng devices include cot.'ber p:lna, gafety -
wire, peening, and, with certaln restrictions, self-

" locking muts &nd Derdelet Threaded parts, For pins
- that- are frequently removed, hard wire safety pins -

05.4920-4;

‘are satisfactory, provided it can be shown that. there"‘
- 18 no danger of their coming loose or interferring
_ _'vr.l.'oh the operation of the controls (See GAM 05.414

ard.:lng t-he use of clevis pins)

The use of aelf-loclclng nut.s 13 limited to the =
- restrictions noted on the pertinent manufacturer's
‘recommended practice sheets listed on the CAAL
: Product and Process Speciﬂca‘bion P. & P.4

Revision' to Page _.4+15: o

P
a4




'-?-(Eit:l.cn ot;ame 1 1940);-_ SR
a.msxon sm no. ss

'A‘:’g . ;

o

S os.a00 L”rmsxom. sm:tmms N T e
o ; 1,].‘, Iuaemnmlthatmnngstmmmhaveadaquu

/

Revisicn o Page 4-22




L , __‘mszwsmno.ss ,
: '_v»."__f.t,atimuainmtomtreodm &'cn ﬂnttwmd
7 other undesirable ‘characteristics. This is’ pu-tieuhrly
. importent with reference to wing torsional stiffness, -
L Fabrie covered ‘wings, in put:lcular, nay be eritiesl in ‘
" 'thds respect. The test procedure for dmmumot ‘ o
&ggr;!goml rigidityotthewingiaontumdin S
; . 'Y - S Co

i{\

;12. Sinca the actm toraimal daﬂoctiea or t.he wing -m
. depend on the mawent cosffictent of ‘the airfoil employed;
- 4% is sdvisable to introduce the additional criteriem'that -
. the maximum, torsional dﬂﬂeetimmder ﬂnlinit 1oad eri‘l'.ionl
-:-_tartmicnncbceoedso R .

s

. psaana mm-up sbms

: ‘,;;, Of. t.he bnilt.—np types of spars, t.he box with nooth ply-

o ‘i'ood faces is the most converdent for attaching rids and hes ' AR
- -half am many. ﬂanges to make a8 the "IY type. In oithw typc LT
- Hlocking must be mrovided at sll points where there are ntﬁm
" 'sttached, etc, Such bloek:mg must be tapered off at the ends S

b a:voiﬁ cmcen'h'a%ion of stress in the flanges, Intmo:hatoi_,_',» R

. vertieals are prcvided in sane pases to indrease the ‘allowshle -

_ 7 strese in the'webs, ~These verticals need not be filleted at =~

Chinelo 0 the ends ‘unless they also carry & concentrated load to be d:le- I

B 'l'ributed into the spar web, (a bax spars the a.tt.a.chad b o
CUU 0T L vertieals provide this atiftening aftoet om- the woba. CAM 18 BRI

. --Hshm:"detauu oz apar conswum. R R

..........
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! SIDER: ATRWORTE
(mw Jnne 1 1940)'f-
R.msmn sxm NO. 4O

"-l... Laminatad Spars may be s;ﬂieed in e:l.ther plane, and

‘splices in the various ‘laminations should be spaced
well apart, Splices in solid spars, if any, should
" be mthe vertical plane, es shomn in GAHI&

i By
$i o 8 R LB

' Revision to Page J4-24
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: (Edit:l.om@ﬁ-—.mne 1, 1940)
REYISION ‘SHEET NO. 40

05.4120-3. Sml struts have the necesaary ‘end fittings welded on

.80 that the load is carried through the weld in shear, while

with aluminum alloy the fittings are riveted or bolted into

 the end of the strut. A typical end-fitting for a streamline. -
~ steel strut-is shown in Figure .4~7. For a single strut, it.
18 desirsble to provide um.versal end fittings sim:i.lar 'bo
v ;Figure .4—7(b). co | _ ,

 Revision to Page 1425
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05 - GLIDER AIRWORTHINESS: ~ = . - '~

SRR - (Edition of ‘June.1l, 1940) T O LT R A
REVISION SHEET NO. 41 B N R

05.434-1. Cables.. control cables shoum be of the 6 x 19 or '? x 19
e:cbra—fl.eﬁ.ble type, except that 6 x. Tor Y x 7 fexible’ cable
- is acceptable in the 3/32 inch diameter size and ‘smaller, . For
_.-properties see Table. 4-14 of ANC-5.. The 7 x 7 construction o
- is found " aatisfactozy where slight cable bends around pullays R
of only 30° or less are encountered. Cable end splices = - IR
should be made by &n approved. tuck method such @s that of the . Coen
- Army and Navy, ‘except that standard served and soldered splicea T
- ape acceptable for cable not over 3/32 inches in dismeter.: :
However, cables of cther sizes with served and soldered - -
- fastenings will be satisfactory- provided they are not streased
sbove 504 of their rated strength. - Approved swaged type .

Az,

L

" terminals are also. acceptable, Dimensions foar approved spiioes .
are given in. Figure .4=1. Tt should be remembered that cable: o

' sizes are governed by deflection conditions as well as by - L
- strength requirements, particularly when a long cable is nsed. R
: Some accepta‘ble ty'pes of cable joi.nts are given in Figtre .4.-3 .

™

! S

,f

Revision to Page «4-40
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C’IVIL AEROHAUTICS HANUAI.
L (Edi‘bion of June 1, 1940)
' HEV]BION sm NO. 4R

e 05,4610~ 3. Pilot  and pass onger ger encloenm ‘ Rmvable nacoopgn BRI R
S sround i’;he Pilot should be 'ucﬁ'z]y.vattached Yo carry the '

air ¢ cduntered at themmmgliding speed, but -
tonhmandpu&otfincuethepﬂotm
They should be. so designed that. theirrewval

.§§

‘mghtatlrighsp ﬁ.llnotinjweorinconvonienco

) thepﬂ.ot or. passmgers, or block the ez:lta. '-l‘he ‘nose nay



l
AR
W

05.463074.

S -CIV.[L A.EROI‘IAUTICS MANUAL
e "05-GLEER ATRVORTHINESS

' _(Eda.tion of June 1, 1940)
: REVISION SHEE[' NO. 43

C'urved monocoque type The curved monocoque style of |
construction necessitates laying the plywood on in
smaller: panels where there is double curvature,

Longitudinal plywood seams should be supported by -

light internal stiffeners, These mey run through the

. bulkheads and serve also as longerons, or be leid only .. -
 4in between as local (intercostal) stiffeners. The ;
' rear part of curved fuselages is often made straight '
‘ 'com.cal with ovel sections so that there is curvature
in‘one direction only, and the p]ywood may be: laid in
' long 1engthwise panela. -

R

© Revision to Pages .4-50, «4~51
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CIVIL AERONAUTICS l.ANUAL
05 - CzLIDER MRWORTHINESS :
(Ed:.ta.otn of *June'1, 1941}
' RINISION SEEET NO. 44 -

TR.AJI,ER DESIGN AND RELATED GONSIDERATIONS

‘le The usual me'bhod of trsnspcrting a glider frcm one locat:.on

g to’ another is to dianantle the craft to the extert necessary

to. place it on & trailer which may be towed to the desired loca-

~tion, . This introduces the problem.of properly mounting and

_secur:.ng the various ccmponen'ba of the glider so that no danage
will Ye sustained which would adversely affect the a:.rworthlness

""_of the glider.

2 The following precautigns shm:ld be. observed in’ an ei‘i‘ort o
. tominimize the efi‘ects of loads imposed on the glmder structure‘__

- during t.rans:t.- )

(a) The glider f:tt.ings nomally de51gned for w:mg stmt
- attachments, wing root. attachnents, or empennage
- asEembly shOuld not be used for mounting the glider
" cempoénents on the trailer unless special care is
. taken to eliminate the possibility of external loads
being applled to- the g:l.ider structure at such fitt.ings.

- “(b) THé peints ar.aress on the glider Structure at which

-+ the glider components are supported and secured shou'l.d

. B “be 1ocally. re:lnforced and protected to aveid danage

o “ ;.-:I:‘ailures.

e d:.stortion. Lo

" (6) The trafler supports shciild bé designed 5o as £o-
R distr:lbute the support:.ng loads’ over: a.n appreciable
RER area o.f;' the glider structure. o

{d) ‘I‘railer Iranes wh:n.ch deﬂee‘b or meave excessively _
. while being towed over rough road should.be .avoided,
' The loads which might be Amposed upon. the glider '
¢ gtructure as a result of excessive trailer frame -
deflection may cause 1ncipient or ‘agtnal structural

[

s







1.

- . method for the detemination of the spamwise distribution of section .. .
© - 1ift coefficient o ¥ .on wings, “for use when a ratioml method is re=
‘quired. ;- One: completely worked euample and three a.dd:.tional ezamples'_. A
- " which compare the results obtained by this approud.mte method with = .
.7 available theoretical. methods are included, - Limitations of the - -
- method are given in Section 6, The method- herein deseribed ineor~ G . .. .7 -
= purates a tabular £om for use in mald.ng the necessary canpu’oations.v

R Asmmnmomunmmor
&unmmsnmsnmmmworunonmos

SM!ARY

This a.ppendix m-euen‘hs and deacribes a simple and rapid approm.ma.te

‘ In" practice, it is necessary to. enter only 7 basic columns in the’ o
. table, and the remainder of theé work is a simple routins ‘procedure -

e -which can be carried out by personnel with no engzmering lmowledge L

o ~.of the’ principlee mvolved. o

BASIG CONSIDMOHS

.

V---fj*:cf, is. wen. kmwn 'bha‘b the Jift dmr:.mtian for any wir;g éan be, found
o 4n tems of the wing 14 £t coefficient’ Cys the basic 1ift coefficieent

- iy mnd the acaitional 117t coefficient eyay, 8o related by the

Qfonw.ﬂa:

\

e In order 'bo detem:ne the values of c1 along t.he apan for am,r given
.. ‘design condition correspmﬁing to-a specific value of the wing lify

e - coefficient €7, it is,of course ‘necessary to Jmow the values of

:Eg and’ b a;l.ong the apan (It- might. be rgotad here’ that, if the -
R has ‘1o aér twist, o\p'® 0 and .6y 'w Gx,cu,.) These may ‘
. 'be determined by:the: :tollad:ng apprmd.mate fomulaa Which were '

L ‘,'derlved .frm tha resu‘.!.'bs g m in Refea'eme 1: SRR




In using t these. bas:l.c fomulas,‘ he fol:
determineds ] .

(Angie between w:;nd B
..direction and the s ._-(5) B
' reference axis, for S
i zero wing 1ii‘t :

“(5) for use when ao
- is constant e.long
the span) ‘

The compu‘bation of °1a. a.nd °1b is conveniently adapted 'bc &
0 tabular i‘orm, the use of which described in the follc!ring
section: L SR P

L ”-s';‘ USE OF ‘I‘A:BUI.AR Foma

a8 Table 1, -"iBrleﬂy, ‘the use of this Table consists of: entering -
| ‘thg basic geometrical date required in colums. ® ®,:®; and.
| 6) 3 entering the "miltipliert in column (2) ;. e

¢ data required in columns -(8) ‘and Q7

3 and then proceeding.

with 'the routin computat:.ons as md:.ca‘bed in.
- The value of €15, s then:.obtained as colum (8)e. The value of

o
"Ib s cbtsmed as. ‘column - @ p dnm case high 1:;E'b dences are. not

" used, and as collmn @ if such dev:.ces are used. The procedure i‘or
, us:!.ng this !’ablenll ncw be outlaned- - R :

FLLT T e .' Before enterirg the values of % in t.h:.s eolumn, zt :l.S necessary
o f LT e dlvide"the_'sm-span :mto a‘ _convem.en'b number of sec'b:.ons, ‘and

cat:Lon of fom:ls. | "(S'a_)_ S  :

The tsbular fcm for camputmg' the values of cla‘n a.nd °1b is shown '

_t.ering the Pasic .
he body of the. Ta.ble. _ 3

&
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€

o ff’,:po:.nts where theme‘,_';
. (See Fig, 1(5)) g

B .'_‘:the.n dz.v:a.ded mt;o an»

o Col (@

E _’,Eh’ﬁer here the slope of t.he 111‘!; curve, oy .for mﬁ.n_te aSPect 5
_.ratio in Cf per degree for the pertinent airfoil. section (or o

o _--a:x.ri‘o:l-flap combimt:.on). ‘Data for" this purpose can be ob-
..:‘ta:.ned :f.‘rom sta.ndard NﬁcA reparts. e -

1?nr!:e:' hsre 'the angle of z.ncidence, Lo

even :mﬁﬁbef of . pa.rt.s as. :i.ndica.ted m' e
. Fige 1s  (An even number ber of parts is necessary in order

ﬁf}*-j_to insure ‘accuracy in the numerical integration which is
o ':',automtlcauy prov:ded for in the Table.) The: values nf.

may now be entered in colum @ » taking care to, e:rt.e:r
values at the main sect:.on d:.vis: on tm.ce as shcmn

EE --"__in 'bhe mmer:.cal example (Fig. 5). RN

Ent.er the chord, c, m inches correSponding to the 572 value
on ’ohe same lme. e e

Erber hare t.he ac'bual w:.d'bh in :anhes of 'bhe sma]l divisi ons
of, the sem-span mth:m t.he sec-bion (See Fig. 5). S

Coltm.n @ , IO

o Etrber here a multiplzer wh:.ch, w:.thln a section, isa series:
;o.. the follomng form (S:meson's rule i‘or appromte in't-e-

i_fzzt W11 be noted that tHe. first and last termis of this. series |

" ‘.;,tare 4333, and the intermediate terms are a repetition of

.555 and .667. Examples of. nmltlpl:.a- values follaw, A_:f iy e

oo d:.ns:mns. 4333, 1.555, 355

o . Four divisions: ¢333, 14333, .667 1.555 .555 NS
. Six divisions: 4535, 1.555, 667, 14333, .667, 1.555, .555 R
. .-,“-.._‘_f.mgh'b d:l.v:Lsions: 2333, 14333, .667, 1.355, .667, 1. 55, IR .

a7, 1.555, 555 o
B -(See also F:.g. 3 for a.n axample of this procedure.)

etween the chord Jine :(-the line'used a_ da.tun for air.foa.l




o axis ca.n ‘be ‘chosen as any- eonveni ‘axis in the plane of
| Symmetry, sueh’ 23, the fusedage axis oy the chord line of
-y the roob chord. Care: should be taken in- using the proper
- -sign for i, pOSl"blVe values being as. measuréd in the sketch
- below, (The sign of oey, is shown-as negative in the’ ‘sketch _
~to agree with NACA airfoil datd where the reférence 1iné for
. angles of attack is always the. .chord line, Therefore, o6ne= " -

o

i

's;-.der:mg only 'bhe geome'bry of the pa:*b.;cular sketch, B is
. obv:.ous}.y i +O¢1 o O using. the sign and, e‘cpress:l.on for B g:wen
- on' the ske’oeh, B =i (-oqo) - i- +0¢7°). R

/ zez_-o'_L'_i__ft Line o

rﬂeference Ams

B =1 -0610

f‘Olen 6) ' | |
= : Enter here the angle o:f‘ at’t,ack : r'zero .;.lf‘b, 0610 for ‘the pert_nen'b ‘

—airfoil’ sectlon (er e:r.rfo;l "'la‘ omblna‘b.,on) ’ 'bakn_gg care to use

_the proper sign, Data for:thi pese can be obtained from

-standard NACA reports. Gompu jons can now proceed in gccord-
PR R ance with the instructions. on Tdble 1, In'cases vhere high lift
S ST dev:.ces are not’ used, _the f:.ne.l. ;va:l.ues of 01a; and ¢y for de51gn

pm:poses are g:.ven in Volmnm and @, respectlvely., -

~ When. such dev:Lces are used the °la. va.lues oi‘ Golaum : s-b:t.ll

_ 'apply, but it is necessary to £i11 out 0011 Q
- in erder to obtain the final. clb (Gol\mm fﬂ va ues or des:,gn
- purposes. - Instmctions far f_llmg ottt these columns are’ given
oin 'bhe i‘ollcw:x_nv see'blon. ' . . ‘ - _

S

Lty -

PO

e 4. PROGELURE FOR OBTAI’\II.G c1 T v‘rczz LIFT D"’VT"_‘S LR D ,‘. .

Whm high 1:1.:['1:. dev:.ces are enployed, it w...ll he. i‘ound t‘qat. the cu,
“values in Column @ have a sharp discontimuity at: the end (s) of -
., ‘the flap, as shown "in the exanple problem, . Figs 3¢ 1t is, therefore, .
©o L necessary to properly adgust 'l:.bese values in.arder to. obte.:.n better
o _ﬁagreement mth actua.l rneasured sPan dﬁstr:.but ons. o

Thls adaustnen'b process ;Ls peri‘ormed 'b‘y' computmg Column @ to
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These curves are’ then i‘az.red as shown by t.he solid lines on

Fig, 2 and 6, taking particular care to fair in such-a mahner that

the total ar area under the faired curve is equal to Zero. values :

of et ¢ fromthe faired curve are ‘then entered in Column. ‘and
the f:.nal °1b for desa.gn purposes is ob‘t.a:.ned :.n Co‘.u.mn @ L

Be

w

. These examples are imluded 'bO slfnw a comq:ar.xso:: between ‘che resal'bs
©_ obtained by the approximte method outlined herein and more exact

" theoretical methods which have. prev:l.ously been shown to give satise S
" factory dgreement. with w:permental results, (Reference 1 includes e

- & large mumber of compar:.son examPles wh:.ch are of mteres'b.)

. ._Enamg;é ﬂ e

" The m.ng plani‘orm of this example is shown in F::.g. 2. The m.ng

- has no aerodynamic twist, except that induced by the flap, Whlch

 is deflected 30°, This example is taken from NACA Techn:.cal

Report 585, pege 3 (Reference R)e. A table showing the compu=

tation of Cg, and final ¢y is shom in Figs 5, fairing of cu}c

| *’is shown on Fige 2, a table giving the computation of oy for & . .
wing 1ift coefficient’ Cp, = 1.7 is shom on Fige 4, and a com= - :

 parison of final velues of °1’ ¢z and oqp With those obtained. _

- __.theoret:.ca]_‘hy by rei‘erence 2 is shown in Fzg. 5. It will be .
noted that the agreement of the 01 values is very sat:.sfactory

) ,for desmgn purposes.

__a?ﬁﬁ :
‘ ‘I‘he w:.ng plani‘orm for this example and ‘the- compamson curves
- of ¢y are shown on Fige 7, This wing has no aerodynamic twist,

It will be noted that the agreement of the approximate method

with the tlﬂeore-bz.cal results is sat:.si‘ac'bory for design purposes. “

{The CL value of 4,52 for ‘this e.:mmple is a theoretical value
* . corresponding to an angle of attack beyond the stall. However,

 the ¢, values for this wing at angles of attack below the stall

would be directly proportloned to 'bhose shown on the F:.gure.) »

w

" The wing. planfom and conpamson curves ror this aamnle are
©'shown ‘on. Fige Be This wing has a straight cen'ber-uectlon, ’

root to tip chord ratio of 4, ard an aerodynamic washout of .

2 degrees, - The 1ift coefflc:r.ent of the wing, Cy, is 0687, In
‘ this case, & compa.rlson is made between the 1€ values g:.ven by

" the ‘approximate method and the theoretical curve from NACA

“Technical Note 732 (Reference 3)e (It Will be noted that the

va.lue E}_c_ is- darectly proportlonal 'bo 'bhe 1oad per foo‘b ‘of span
2

”act:mg on the wlrg.) I_-_S L

]
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_?' This comparlson example 13 shcwn on Fig. 9. The i‘lap deflec‘bion L
is 80 degrees, the allerons gre in neutral pos:.tion, a.nd the
| wmg cL is 1, '?16. IR : *

: The theoretlcal ‘curves i‘or c1, Cla: and clb are 'bhe same as
‘those shomn in Pig. 7-4, page 7-44, of ANC 1 (1) It will be

-' ."‘..,noted that. t,he agreement of the approximate method w::bh the

- ANG'1 (1) theoretical method is: entirely.satisfactory for -
' structural design purposes. Fig, 9 also shows .a comparison -
of the.cyc values of the approximate and theoretical methods, -
- (The term cic is directly propor'blonal 'to the load per foot o.f
- span act..mg on them.ng Y

CONCLUSI ONS

‘.On the basis of the compar:son examples con‘ba:med here:m and many :

. other comparison exarples which have been completed, it is COTm
~-cluded that the ‘approkimte method given herein of computa.ng

spanw:.se distribution of ¢, is satisfactory for structural deszgn

purposes, provided that:

1 - The’ aspect rat:.o is withm the normal range oi‘ valuea
(sayfromS‘bolz), and, -

Re The wug ha.s reasombly rounded 'b:l.ps s if the taper rat:i.o
" -is greater than 0.5, (This restriction as to rounr:led
t:n.ps does not apply :f.‘or taper ratzos 1ess than .5.) '

In oases where the w:.ng does. not - have reasonably rounded tipa and,

‘at the same time, the taper ratio is greater than .5, the approxi- ‘
- ‘mate method’ ca.n also ‘be used prov:.ded that an. emplr:.cal tip éor-

" yéction such as is outlined in paragraph 1.52 of ANC 1 (1), "Span-.-
. wise Air Load: Dzs‘bnbutionﬂ is employede - This method' is considered

sa.t.:.s:f.‘act.ory for. -any ‘amount’-of aerodynamic twist tha.t. may be en-

| countered :v.n oonventlonal des:.ga practlce.

: 4_. ANG 1 (l) Spamnse Anr—Load D:Lstrlbu'bion. : 1958.
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CIVIL AERONAUTICS MANUAL R
' REVISION SHEET NO. 49 -

| '-W:.ng area, | square :.nches
| "'Spem, inches -
| j_“Chord mches .
’ 'Average chord, mches ( = S/b)

Distance of a partlcula.r sta.tlon from centerllne

. of wing, inches

' ng ].:.ft coeffa.cien'b

' Addltlona.l hft. coeff:.c:r.en'b for a sectlon when
“wing Cr, = 1.0

-Addi‘bloml 1ift coe.fflcien'b for a sectlon (= GLcla. )

Basic l:Li‘t coei‘fzclent for a sect:.on due ‘bo a.erodyna.mic
'tm.st, when w:l.ng is Operat.mg at zero lift '

-“_‘-Sactmn l:.ft coefi'lcien'b {=ca + c\b)

| Angle of attack of a sect:.on for z.ero lift, degrees .

| _ Angle between the chord line- amd the reference axis s o
: degrees (see sketch on pa.ge 6) _ _

Angle between the zero lift 1ine and the reference axis,

- degrees (see sketch on page 83 note that B= :L -0(.10)

"Angle between reference axis end ‘the wind d:rection, -
degrees (positive when the reference axis is-so inelined

to the wind direction as to produce positive Lift,
assuming (for this- purpose only) that the reference axis

~ acts as a zero ].:.f'b chord line on a:xfo:l eect:.on)

| S-zaoz0

. Angle betweecn the mnd direc'bion a.rd the reference a.xis
- ‘when the wing- is opereta.ng at. zero 1if%, _degrees y

Angle between the zero l:-.f'b 1ine of-a sectlon and the
wind d.:recta.on, degrees (ota,£| '“R + B) _

pafy airve olope, cL/Hegrea

: Sec'bzon 15t curve slipe, c1/degree (slope of graph of

0\ Wo“)

7
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| STRAIGHT TAPER - ROUND TIPS

)

(2)

srmcm TAPER - BOUND TIPS ~ fL LAPS

o aw8 even parts

b -'_'4_'ei_en parts

'@ = 4 even parts

b = 4 even parts

"¢ = 4 even parts’

-

- a » 2 even purta

E i b - 4 even parts

e - 4 even parts

EXAMPLES OF WlNG PLANFORM DIVISION
F IG l
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