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d. the manufacturer should furnish the Administrator with
technical data descriptive of all structural changes,
" except those of an obviously minor nature, such changes
to be substantiated by test, if necessary, and approved
prior to resum:.ng 'hhe type 1nsnectlon.

ISSUANCE OF AIRCRAFT SPECIFICATICN

1. Upon satisfactory completion of all reports, tests and in-
spections required to prove compliance with the alrworthiness

' requirements of the Administrator, an Aircraft Specification will

be issued for the type and model of the airplane in question. The
Aiveraft Specification will certify as to the airworthiness of -
airplanes of the type in question when mamufactured and maa.ntamed
in accordance with the provisions noted thereon. ,

ISSU‘AN CE OF TIPE CERTIFICATES

1, A type certificate such as is described in CAR OR will be
issued to the applicant upon compliance with the requlrements
therein,

AUTHEN TICATED DATA

1, As a part. of the type certiflcate the Administrator will furnish
the applicant, upon issuance of such certii‘icate, one set of drawing
lists on which the seal of the Administrator is impressed. These
lists will show acceptance of the drawings as partial proof of

the airworthiness of the type of airplane to which they apply.

CHANGES

1. Chanpge, Repair or Alteration of Individual Certificated Air-
planes. Change, repair or alteration of 2 certificated airplane
renders such airplane subject to re-certification as to airworthiness
in accordance with CAR 18, but does not affect the type certificate
on which the airworthiness certification may have been based. 4s a

© general rule extensive revisions of the primary structure should

not be iundertaken without the cooperation of the airplane manufacturer.
Changes which appear to be unimportant might seriously affect the
structural safety or flying qualities, makmg the airplane unsafe.
The mamifacturer is supplied with complete strength calculations from
which infomation: regarding the approved member sizes and material
specifications can be obtained.  A¥so, the manufacturer may have
already obtained the Administrator's approval of the proposed change.
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2. Changes by Holder of Type Certificate. The holder of a type

certificate should apply for approval of any specific change

or revision of the approved drawings or specifications which
affect the airworthiness of the airplane and should sulmit
sufficient technical data in the form of strength calculations
and strength tests, or both, to demonstrate continued compliance
with the a:.rworbknneos requ:.ranenbs bereinafter specified, Cor-
rected pages of the drawing lists, in duplicate, should alsoc be
submitted, Alternmate installations should be so designated and

- properly indicated on the drawing lists, 1If, in the opinion of

+060

the Administrator, the changes are such as to affect the performance
or operating characteristics, appropriate tests may be required.
Upon satisfactory proof that tre revisions do not render the
airplane type unairworthy the Aircraft Specification may be modi-
fied to include airplanes embodying the approved changes and

sezled copies of the revised drawing list pages will be returned

to the applicamt. The manufacturer should maintain a record of

the airplane serial numbers to which the changes apply.

3. Changes by Persons Other Than Holder of Type Certificate,
Changes such as described above, when made by persons other than
the holder of the type certificate, are also subject to the pro-
cedure outlined above, except that the written consent of the
holder of the type certificate should be obtained if it is de-
sired to refer to technical data originally submitted to the ‘
Administrator in comnection with type certification. With the con~
sent of both the person making the change and the holder of the
type certificate, all airplanes manufactured urder the type cer-
tificate may be made eligible for such change by an: appropriate
revigsion of the pertinent Aireraft Specification,

MINOR CHANGES

1, The procedure to be followed in obtaining approval of minor
changes to airplanes manufactured under the temms of 3 type
certificate will largely depend on the mture of the change in-
volved., AS soon as time will permit additions will be made to
this mamual covering certam spem.f:.c changes in addition to that
covered in 2 below,

‘ 2. -When a tail wheel ard tire are appended to a previously

approved tail skid installation and the original provisions for
shock absorption are left intact, the following procedure should
be followed in obtaining approval of the change:

a, Subtmit the usual file drawings.
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b. Substantiate the strength of skid structure and attach-
ment to the fuselage if the point of contact with the
ground of the proposed wheel installation is forward of
the tail skid shoe contact point. For installations
where the contact points coincide or the wheel is to the
rear of the skid comtact point, no structural investiga-
tion is required uriless such procedure appears necessary.

¢. Obtain inspection of imstallation and weight chéck by a
representative of the Administrator.

d. Obtain recheck of landing and taxiing characteristics by a

 representative of the Administrator. No investigation of
the status of the tire, strength of the wheel attachment to
the skid, or the energy absorption capacity need be made.

MAJOR CHANGES

GENERAL

1, Major changes in existing designs will usually entail an
appreciable experditure of time and money on the part of the appli-
cant for approval. Care should therefore be taken to determine

the status of such changes with respect to the pertinent regula-
tions, prior to any extensive rebuild:lng or conversion.

INSTAILATION OF AN ENGINE OF A TYPE OI'I-ER TEAN THAT COVERED BY
THE ORIGINAL TYPE (OR APPROVED TYPE) CERTIFICATE

1, Tt is generally understood that the purpose of most changes
involving the installation of an engine of a type other than that
covered by the original approval is to permit full advantage to be
taken of improvements in engine performance which do not involve
a material increase in engine weight. This is of direct benefit
to the operator of the airplane, as it increases safety of opera~
tion and/or performance by iwproving teke-off, climb, single-
engine performance, true cruising speeds at alt:.tude, engine
rel:n.ab:.l:.ty, and engine life between overhauls, with few (if any)
changes in the aircraft structure. It should be carefully noted
that these berefits will be difficult to obtain if the changes
made require or involve an increase in the originally approved
airplane gross weight or placard speeds. If the cranges result
in an increase in placard speeds, it will be necessary in any
event to re:l.nvest:.gate the structure for campliance with the flutter
prevention measures referred to in CAR 044404. Before making a
change in engine it is always advisable for an owmer to contact
the manufacturer of the make of airplane involved to learn if the
proposed change has ever been approved by the Administrator. If
there is a record of approval, it is often a relatively simple

matter to revise the a:rplane to conform with the manufacturerts

approved data,

201230 0—41-——3
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&+ The general procedure to be followed, when the rated power
of the engine to be installed exceeds tlat originally used for-
design purposes or exceeds the rated power of the engine being
replaced, is described in the following paragraphs. It consists,

- briefly, in substantiating the strength: of the engine mount and
adjacent structure for the take-off (one minute) power and for
the local increase in weight, if any, and in limiting the engine
output and indicated speeds for subsequent posting in the air-.
craft, The engine placard limits differemtiate between the
power permitted for continuous operation (meximum, except take-
off), and that which has been approved for take—off ordy (take-
off, one mimute)., The following procedure applies to modifica-
tlons of existing designs but the principles will also apply to
new designs under consideration.

3. To expedite handling and to reduce the usual exchange of
correspondence to a4 minimum, the zpplicant for approval of the
change should alvays supply a complete description of the  pro-
posed ergine replacement., When an individual airplane is being
modified it should be identified in the correspondence as to
name of manufacturer, model designation, manufacturer's serial
rurber and identification mark. In addition, a new or revised
airplane model designation should be selected to distinguish it
from the original model. The current status of tle engine to be
used, with respect to CAR 13, should be determined prior to the
completion of any extensive changes, Field inspection personnel
of the Administrator are supplied with this information and they
will assist in the determination of the status of the engine in
question, Copies of the approved engine specification can be
obtained from the Administraticn's Publications and Statistics
Division in Washington. 1f the details of the powerplant in
stallation are affected. note that the pertinent requirements
specified in CAM 04, oseoml(e) and CAR 0446 call for certain
approved file data. .

4. The data submitted should include a compa.nson of the welghts.
of the original and proposed engine installations. Appendix 1
of the Repair and Alteration Mamual will be found useful in re-
checking the balance. The aircraft specification, copies of
which can be obtained from the Administraticnts Publications and

~ Statisties Division, includes the approved center of gra.vity
range.

5. Changes in engine mount structure and the 1ocal effects -
of an increase in engine weight mast, of course, be ,
jnvestigated, The extent of such 1nvest1gat10n will depend
largely upon the amount of increased power
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the applicant desires to use in take~off (one minute) and the re-
maining operations. See 7 below for references to operation
limitations, 8ee CAM 04.0320 for references o the information
required on drawings submitted covering the changes made.

6. Airspeed Placard Iimits. There are a large number of certifi-
cated airplanes in service which do not display the placard speeds
specified in the current requirements., These airplane models were
approved prior to the application of the 1934 edition of Aeronmutics
Bulletin No. 7-A in which the requirements for airspeed placards
first appeared in the airplane regulations. In these cases

when the rated power of the engine being installed exceeds

that of the engine installation originally approved, the follow- ;
ing airspeed limits should be displayed: :

2., Level Flight or (limbs Ve

b. Glide or Dive; 1.Vy. Vy is the actual indicated high
speed in level flight obtainable with the power of the
engine originally used,

If the applicant for approval wishes to raise these placard limits,
there are no objections to his investigation of the case, The
current requirements will serve as a guide for determining which
components of the airplane and pertinent loading conditions or
design criteria involve a consideration of design airspeeds, For
cases in which airspeed placard limits were determined
as part of the origzinal approval, the use of an engine

with rated power in excess of that originally used for design

es will not require changes of the original airspeed placard
‘limits, However, as previously mentioned, an attempt to increase
these placard speeds will represent a revision of the basic struc-
tural design data and as such will usually require an appreciable
amount of reinvestigation for purposes of determining whether the
airplane structure can withstand the air loasds incident to the
increased performance., As a rule only the airplane mamufacturer
or an experienced engineer can efficiently make the necessary
investigations., The Administrator does not initiate such studies,

7. Engine Placard Limits. The airplanesdiscussed in the first
part of 6 above in most instances do not display the engine placard
limits specified in the current requirements. In these cases

when the rated power of the engine being installed exceeds that

of the engine installation being replaced the following engine
operation limits should be displayed: '

a¢ Maximum, except take—off horsepower, not to exceed the
output of the originally approved engine installation
wiich is being replaced, ' '
bs Take-off (one minute) horsepower, limited by:
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(1) Approved take-off rating of engine., See CAR 04,60,
CAR 13 and approved engine specification,

(2) status of propeller used, See CAR 04.61, CAR 14
and approved propeller specification. '

(3) Strength of engine mount structure., See CAR 04.26.

(4) Tuel flow capacity. See CAR 04.623.

(5) Engire cooling requirements, See CAR 04.640.

For cases in which engine placard limits were determined

as part of the original approval of the airplane, the
use of an ergine with rated power different from that of the
engine being replaced will require the display of mew placard
limits carresponding with the maximm permissible output deter-
mined by the following:

al, Maximm, except take-off horsepower, limited by:
- . {1) Approved rating of engine. See CAR 04.80, CAR 13

and approved engine specification,

(?) Status of propeller used. See CAR 04.61, CAR 14
and approved propeller specification,

(3) Strength of engine mount structure. See CAR 04.26.

(4) Tuel flow capacity tests. See CAR 04,625, (There
are a few supercharged installations for which
the maximm, except take-off, rating is greater
than the take-off rating. Therefore, the maximum,
except take-off power, is used in determining the
fuel flow required,) ,

(5) Pl power longitudinal stability characteristics
with rearmost center of gravity.

(6) Engine cooling tests. See CAR 04.640.

(7) Design power used in original amalysis.

bt, Take-off (one minute} horsepower, limited by items
listed in b{1) to b(5) above.

8, Inspection and Flight Tests. Following receipt and approval
by the Administrator of file data satisfactorily accounting for tne
change in engine as discussed in the foregoing paragraphs, the
usual inspection and a recheck of certain flight tests will be
authorized. The extent of the flight tests will depend upon the
nature of the replacement with respect to the original approval.

9. It will be of-interest to designers to note that provision
for future increases in engine power and airplane performance
can easily be made in the original design by the following
nmethods:
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&e Assume a pcwer loading of 12 pounds per HP in determin-
“4ing the maneuvering load factors, (See F.Lg. 04-3 of
CAR 04.)

be Design the engine mount, adjacenb structure, and power-
plant installation for the maximum power Whlch might
posgibly be used in the future,

c. Assume a design level speed (Vy) considered high encugh
for all future operations. In this connection it should
be noted that speed placards refer to findicated" air-
speeds and that the corresponding actual airspeed may
therefore exceed the placard speed at altitudes above
sea level. :

C CONVERSION OF APPROVED TYPE IANDPLANE OR SEAFLANE TO APPROVED
SKIPLANE STATUS

1. There are two distinct steps involved in obtaining the Administratorts
approval of an airplane equipped with skis. These are as follows:

a, Approval of the ski model.
be Approval of the airplane equipped with approved skis.

It should be noted that the approval of a ski and the approval

of a ski installation are two separate cases. The Administrator's
approval of a ski for a specified static load for quambity pro-
duction under a type certificate does not imply approval of the
ski installed on any certificated airplane. It means only that
the ski itself is satisfactory. This is true also in the case o:E'
a single set of skis where no type certificate is involved.

2+ Approval of the Ski Model. The strength of all skis must be
substantiated in accordance with the requirements contained in
CAR 15 (see also CaM 15) before they may be used on certificated
aircraft, whether or not the designer or manufacturer desires to
obtain a 'ty’pe certificate for the skis. The procedure for oblain-
ing an approval for skis is explained in CAR 15.

3. Approval of an Airplane Equipped with Approved Skis. Certain
airplane models are already approved with certain specific approved
skis installed. The owmer of a certificated airplane of some such-
model wishing to install skis, need only install skis of the model
with which airplanes of his model are approved and his airplane

will be approved with the skis installed, upon the satisfactory com~
pletion of an inspection of the installation by a representative of
the Administrator. Should changes in the landing gear be necessary to

accommodate the skis, the owmer, of course, must make the changes
in accordance with the change data approved by the Administrator. If
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the airplane is of a model which has not been approved with the
installation of skis of the partieular approved model it is de-
sired to install, the procedure heresinafter outlined should be

followeds -

a, Technical data show_ing any chang.es in the landing gear

- should be sutmitted to the Administrator for approval.
This is mot often necessary, as skis are usually de-
signed to attach to the axles in place of the wheels,

be Upon approval of the change data, if any, the installa-
tion mist pass a satisfactory inspection by a
represemtative of the Administrator.

Ce During this inspection, the representative will obtain
the weight of the ski installation and the weight of the
wheel a.nstallation which has been replaced.

d. Upon completion of a satisfactory inspection, the repre-

' sentative will witness take-offs snd lamdings, and other
demonstrations if deemed necessary, of the airplane
equipped with skis. The characteristics of the airplane _
equipped with skis must be acceptable to the Adm:m.strator's
represenbatlve.

4, If the alrplane inspected ani tested is a standard alrplane

of a certain model and the skis installed are approved under a
type certificate and manufactured under a production certificate
or if the skis are mamufactured under an approved type certificate,
all airplanes of this model will be considered eligible for
approval when equipped with skis of tle model installed on the

‘airplane inspected., The aireraft specn.i‘:.catn.on will identify

the approval accorch.ngly.

5. If the skis 1nstalled are not approved under an approved
type certificate or were not manufactured under a production
certificate ,-each airplane so equipped must undergo the tests
of 3d above in order to be eligivle for approval, The notes
on the per'blnen'b aircraft speclflcatlon will list this distine-

tion.
CHANGES REQUIRED BY THE ADMINISTRATOR

1, Due to Revised Regulations. The type certificate permits
production of aireraft under the terms of the airworthiness re-
quirements in effect at the time of the type approval. Due to
progress in the art, however, it may be advisable in rare cases,
to require that airplanes being built under a type certificate

" be made to conform with a requirement made effective subsequent

to the issuance of the type certificate.
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2. Due to Unsatisfactory Service Experience, When unsatis-

factory experiences are encountered in service it is the normal
procedure for the mamufacturer to prepare a service bulletin and
formard it direct to the aircraft owners. Such service bulletins

are usually prepared in cooperation with the Admihistrator. When the
difficulty encountered is of sufficient importance to require -
immediate action an Airworthiness Maintenmance Bulletin is prepared by
the Administratorand is sent by registered mail to all owners to
advise them of the nature of the difficulty, the corrective steps

to be taken, and requesting them to contact an authorized repre-
sentstive of the Administrator regarding approval of the changes made.
In addition a special nole is generally issued as a supplement -

to the Aircraft Specification as a final check to insure that the
particular item has been corrected by the time of the annual
inspection. :
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DEFINITIONS (INCLUDING STANDARD SYMBOLS, VALUES, AND FCRMULAS)

- is the.equivalent flat plate area).

DEFINITIONS ADDITIONAL TO THOSE GIVEN IN CAR 04,1,

- ls MAerodynamic Center, s.ce. The point on the wing chord, expressed as a

fraction of the chord, ebout which the moment coefficient is substantially
consbant for all angles of attack. The theoretieal loeation is at 25 per
cant of the chord. The actuasl location may differ from the theoretical
location and may be determined from the slope of the moment coefficient
curve as outlined in CAM 04,1235C.

2. Drag Area, The ares of a hypothetlcal surface having en absolute drag .
coefficient of 1.40.

3. IBquivalent Drag Area, Sp. The drag area which, at & given value of
dynamic pressure, will produce the same serodynamic drag as the body or

combination of bodies under consideration. (Note: 8y = 1.28 85 ; where Sg

f. Sp, = estimated total drag area at high speed, in square feet.
When the value of Vi, is known or has been estimated, SD+ can be
determined by solvinz Eq. 18 in CAM O4. 1~C for d., When it is
desired to estimate SDt first in order ‘to compute the value of Vp,.
the equation SD + CpS, can be used.. 8 refers to the total
wing ares exclusive o§ the area replaced by the fuselage and Cp

aun U.SU&J.J.y be assumed to UB un.e oinimum Wlllg G.I'a’-" UOGIIlCleﬂU.

Typical values of Spg (Drag area of airplane less w1ng) are given
in Flg. Bo .
4, Margin of Safety, MeSe The margin of safety 1s the percentags or
fraction by which ultimate strength of a member exceeds its ultimate load.

e 4 linear margin of safety is one which varies linearly with the
ultimate loade

3 3 £ ET
s A nonlinear margin or S&Leu:‘f i & Wilich 13 DASegqg O SCI'es53563

which are not proportional to the ultimate load. & nonlinear
margin of safety is not a true measure of the excess strength of
a member,

Mo whiah e hosad A ot am
OL

STANDARD SYMBOLS

A - a =~ position of aerodynamic center,

fraetion of chord; subsecript
Noadnalh
Wi ULl o

Bo0e — gorodynamic cenber,

91'.1
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FIG.6 VARIATION OF FUSELAGE DRAG AREA WITH

GROSS WEIGHT
(REF. GAM 04.1 —~A3)
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FIG. 18— CONVENTION OF AXES, FORCES,& MOMENTS.
" (REE C.A.M. 0727-D3) |

NOTE: THERE ARE NO FIGURES 198 20 IN THIS
EDITION,AS THEY WERE DELETED BY A REVISION
TO THE PRECEDING EDITION
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The date for column 6 is teken from the assumed span
distribution curve, Figure 16 or 17, The factor

Ry represents the ratioc of the actual Cy at any
point to the value of Cy, at the root of the wing,
Column 7 containg the produet of column & and 6.

The sum of this column when divided by the sum of

retio of the mean effective Cy to the value of Clo
(et the root).

Column 8 contains the product of columns 2 and 7.
The sum of this column when divided by the sum

‘of columm 7 gives the lateral coordinate of the

centroid of the semi-wing as indicated below the
table.

In eolumn 9 is listed the distance of each section
serodynanic center aft of the IZ plane.

Column 10 contains the product of column 7 and
9. The sum of this column when divided by the
sun of column 7 gives the XZ-coordinate of the
gentroid as indicated below the table.

In column 11 is listed the distance of each
gection merodynemic center above the XY plane.
Colwmn 12 containg the product of columns 7

end 11. The sum of this column when divided by
the sum of column 7 gives the Z-coordinate of
the centroid as indicated below the table,
Column 13 contains the product of colums 4

and 5. The sum of this column, when divided

by the sum of coluwmn 5, gives the length of
the mesn aerodynamic chord. If a location is

- wanted for the mesn serodynemic chord, it should

(14)

(15)

3. In the
exists for

be drawn on the wing sc that its aerodynamie
center coincides with the cemtroid of 1ift
determined by means of the preceding columns.
Column 14 is u list of the section moment
coefficients,

Column 15 contains the product of colums 13

and 14, For wings that have no twist, the

sum of this column when divided by column 13 gives
the averasge moment coefficient for the wing.

case of twisted wings a different spen distribution
esch angle of attack. The location of the resultant

forces can, however, be determined as in 2 sbove for any knomm
span distribution.

v2=14



«04

CIVIL AERONAUTICS MANUAL

(DI
S 2
X _ 7
19 ) i

(8)x . (L)X
WL _ = YT =Y o =x
= (g)X Tg = weay Summ
| : ¢ (2)

+~ 1Toey) = n|..%|.|m.m.|.w = Hp 3 nnnu

S — =
(D) @ | (L) (1D (2)%(6) @O [oF@ jon

K007 Ty | A9,0 | AWz | PPz |L¥0%Px| *Px 1} AvoTuh| ey % | 4w Av | & | vox
) dra3g

a1 1 gt 21 44 o1 6 8 4 9 2 e g T

Sug 8 WO SPROTJITY juwiinsey Jo uoizeatiddy Jo juiod JO TOTABUTLLeL0(

(@=412=V0 WVD *Jod)

IT o198k

«2~15



_CIVIL AERONAUTICS MANUAL

04.

Teovw) 1S+ Neovw) s
Teovw) 18 Wy 4 Negyw) NgMig

u>6_zO

15 4+"g
15 oww) + SN0 vw)

= OYW

e A L Na N
oﬂm 0475\ o

ng "Ny
ONIM  HIMOT 40

431N30 OINVYNAGOHMIY NY3IW

(3)

(9

o)

l\tl\...\li\..%
=
¥3ALNTD Ny
OIWYNAQONIY NVAW .
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E PRESULTANT FORCES ON BIFLANES.

l. The mean aerodynamic center location and the value of the mean aerodynamic
chord for each wing panel can be found as outlined in CaM 04.217-D. When wing
flaps or other auxiliary high lift devices are used the mean effective moment
coefficient for each wing panel should also be cbtained. For a given flight
condition, the values of Gy for each wing can be determined from Table II. The
location of the mean sercdynamic genbter of the biplane and the determination
of the resultant forces and moments can be accomplished as follows, referring
to Fig. 21:

. The mean merodynamic center of the biplane cellule lies on a straight -
line comneoting the mean serodynamic cenbters of the two wing panels.
The loocation on the line is determined from equation (a), Fig. 21.

b, Assuming that the mean effective moment coefficient is the same for
each wing panel, the value of the mean serodynamic chord for the bi-
plane is determined from equation (b), Fig. 21.

oce If the mean effective moment coefficients for the itwo wing panels are
different in value, the effective moment coefficient for the biplane
can be determined from equation (c), Fig. 21.

2. The mean serodynamic center of a biplane, as determined above, is based on
the relative values of the normal. forces mecting on each wing. TWhen the aver-
age normal force coefficient for the entire biplane is near zero, the- relative
loading on the wings varies over a wide range and the mean aerodynamic center,
if determined as outlined above, would in some cases lie entirely outside of
the wing cellule, For ‘the same conditions, however, the chord force coeffici-
ents for the wings would be nearly equal, so that the resultant chord force
would not act at the same point as the resultant normal force. As the location
of ‘the mean aerodynamic center is of interest mainly in balancing and stability
computations, the following approximations and assumptions are permissible:

a« A single location may be assumed for the mean serodynamic ceater for
all the balancing conditions.

b. TWhen the investigation of two different span distributions is requlred,
the more nearly constant span distribution may be used in determining
the mean aerodynamic center and MAC,. '

¢« The computations may be made for an average value of Oy = 0.5, unless
the biplane has an unusual amount of stagger or decalage, or is other-
wise unconventional.

d. Then the use of a single location for the aerodynamlc center is not
sufficiently acourate, the computation of the mean aerodynamic center
for the entire biplane should be omitted and in balanclng the airplane
each wing should be treated ms a separate unit. -

«218%  BALANCING LOADS.
A GENERAL. |
* It will be noted that there is no +218 section in - CAR 04, The sub ject
of balancing loads has, however, been assigned this number in order to

provide better continuity within the Manual.’
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(DAERODYNAMIC GENTER OF M.A.G.
(2)GENTER OF GRAVITY OF ENTIRE AIRPLANE
- (3)ASSUMED C.P, OF TAIL SURFAGE

(@) CENTER OF PROPELLAR

oC <ANGLE OF ATTAGK, DEGREES (SHOWN POSITIVE)

B =GLIDING ANGLE, DEGREES
'n = FORGE /W (POSITIVE UPWARD AND REARWARD)

M =MOMENT/W (POSITIVE CLOCKWISE AS SHOWN) |
X = HORIZONTAL DISTANGE FROM (1) (POSITIVE REARWARD)

h= VERTICAL DISTANGE FROM (1) (POSITIVE UPWARD)
ALL DISTANGES ARE EXPRESSED IN TERMS OF THE M.AC.

'F16.22 BASIC FORGES IN FLIGHT CONDITIONS
(REF. CAM 04.2[8—'81
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l. The basic design conditions must be converted into conditions represent-
ing the external loads applied to the airplane before a complete stress analy-
sis can be made. This process if commonly referred to.as "balancing" the
airplane and the final condition is referred to as a condition of equ111brium?a
Actually, the airplane is in equilibrium only in steady unaccelerated flight;

. in aceelerated conditions both linear and angular accelerations act to change
the veloeity and attitude of the airplane. "It is customery to represent a
dynamic condition, for stress analysis purposes, as & static condition by the
expedient of aszigning to each item of mass the inereased force with which it
rosists acceleration, Thus if the total losd acting on the airplane in a
certain direction is "n" times the total weight of the airplane, each item of"
mass in the airplane is assumed to act on the airplane structure in exactly
opposite direction and with a force equal to "n" times its weight. ‘

2. If the net resultant moment of the ailr forces acting on the airplane is
not zero with respect to the center of gravity, an angular asceeleration
results. An exact analysis would require the computstion of this angular
acceleration and its application to each item of msss in the airplane. In
general, such an analysis is not necessary except in certain unsymmetrioal
£light conditions. The usual expedient in the case of the symmetrical flight
conditions is to eliminate the effects of the unbalanced couple by applying a
. balancing load mear the tail of the airplane in such a way that the moment of
the total force mbout the cenber of gravity is reduced to zero. This method
is particularly comvenient, as the balancing tail load can then be thought of
¢ither as an ssrodynsmic force from the tail surfaces or as a part of & couple
approximately representing the angular inertia forces of the masses of and in
the nirplane. Considering a gust condition, it is probable that angular iner-~
- tia forces initially resist most of the umbalanced couple added by the. gust,
while in a more or less steady pull-up condition the balancing tail load may
congist entlrely of a balancing air load from the tall surfaces.

BATANCING THE AIRPLANE.
.le The following considerations are involved in balanecing the airplans:

a. Full “power on" is assumnd for conditions at vy, (Conditlons I and II),
- but for conditions at V_ (Conditions III and‘IV) the propeller thrust
is dssumed to be zero.

b. It is assumed that the limit load factors specified for the basie
f£light conditions are wing load factors.. A solution is therefore made
for the net load factor acting on the whole airplane. The value so
determined can then be used in connection with each item of weight .
(or with each group of items) in analyzing the fuselage. For balano-
ing purposes the net factor is assumed to act at the center of gravity
of ‘the airplane.

. Assuming that it is possible for a load to bs actlng in the opposite .
direction on the elevator, it is recommended that the center of
pressurs of the horizontal tail be placed at 20 per cent of the mean
chord of the entire tail surface, This arbitrary location may also
be considered as the point of applieation of inertia forces resulting
from angular acgeleration, thus simplifying the balancing process.

de In Fig. 22 the external forces are assumed to be acting at four points
only. The assumption can generally be made that the fuselage drag
acts at the center of gravity. When more accurate data are available,
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TABIE IIT
BALANCING COMPUTATIONS

(Ses Fig. 22 for syabols)
(Ref CAM 04.218-B3)

YL = mph " = mph
No.| Ttem 1 iz v
(1) { W = gross weight, pounds
(2) |  q = 00256 ¥
o () o= (1) /S
e -
< ()] /6= /@
§ 6) { n = applied wing load factor
S =0/ ®
:'? [(7). | ¢y, corresponding to Cy
N (8) ] <
S 2y =® x @
g_l(m) Bzy * Fpr/Q
e )| ¢ u = design moment oo~
[ea affiolent
az)] wm =@ = @®
i3)] ng = tail load factor
(14) 15g = -(8) - (9 = net loaa
: faotor
(18) 2z == (@ = (O = chora
oad factor
(16)] 7 = = tail
' @ x_® load ‘
(17} Cpy = moment coefficient of
o airplane less tail
0'_5' (18} a0y = @ - @
.do: (19..) Amy = @ x @
§ (20) anz= @ / (x5 - xp)
§ (21} a1- @ = &
(22 ™=@ + €
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the resultant fuselage drag foree can of courss be computed and
applied at the proper point. In cases where large independent items
having considerable drag (such as nacelles) are present, it is advis-
sble to extend the set-up shown in Fig. 22 to inelude the additiomal
2. As shown in Fig. 22, & cocvenient reference axis is the basic chord.line
of the mesn serodynamic wing chord. (The.basic chord line 1s usually specifind
along with the dimensions of the airfoll section.) The determination of the size
snd loeation of the MAC is outlined in CAM 04,217-D. In determing the vertiecal
location of the aerodynamic center of the MAC (point 1 of Fig. 22) the vertical
position of the MAC in relaticrt to the wing root chord, or other similar refeor-
ence line, should be considered,
%3, A tebular form will simplify the computations requlred to obtain the
balencing loads for various flight conditions. A typical form for this
purpose is shown in Table III. In using Fige. 22 and Table III the following
assumptions and conventions should be employed:

a, I Imown distances or forces are opposite in direction from thoge
shown in Fig. 22, a negative sign should be prefixed before insgert-
ing in the computations. For instance, in the case of a high-wing
monoplane, ho will bave & negative sign., Likewise Dxy will be either

negative or zero in all cases, The direection of unknown forces will
be indicated by the sign of the value obtained from the equations.
A negative value of ng will usually be determined from the balancing
process, indicating a down load on the tail. For conditions of
positive acceleration the solution should give a negative value for
ngs 2s ‘the inertia load will be acting dowmward. The convention for
‘my corresponds to that used for moment coefficientsy that is, when
the value of Cy is megative m; should also be negative, indicating a
diving moment.

b. All distances should be d171ded by the MAC before being used in the
computations,

¢, The-propeller thrust should be assumed to act along the thrust

. axls,

de The chord load acting at the tail surfaces may be neglectad.

4, Computation of Balancing Loads. In Table III the computation of balanc-
ing loads is indicated for typical flight conditions. The equations are
based on the Pfact that the use of the average force coefficients in connec-
tion with the design wing arem, mean serodynamic chord, and mean aerodynamic
center will give resultant forces and moments of the proper magnitude,
direction and location. Provision is made in the table for obtaining the
balancing loads for different gross weights. The table may be expanded to
inolude computations for several loading conditions, special flight conditions,
or conditions involving the use of asuxiliary devices. It should be noted that
a change in the location of the CG will requlre a-eorresponding change In the
values of x3 and hy on Fig. 22.

8. TWhen the full—load center of gravity position is varleble the mir-
plane should be balanced for both extreme positions unless it is
apparent that only ¢me is eritical. In certain cases it may also
be necessary to check the balancing tail loads reguired for the
loading conditions which produce the most forward and most rearward
conter of gravity positions for which approval is desired. .

o2=21
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Bs. The follawiﬁg explanatory notes refer by mumber to items appearing in
Tsble IIIj '

(3) The wing loading, s, should be based on the design wing area.

(5) my = limit load factor required for the condition being investi-
‘ gated. (See CAR 04.21).

8) Determine C, as specified in CAR 04.21. See also eq. g,
G
cAM 04.1-C.

(10) Propelier thrust, F ., should be determined from Eq. 15,
CAM 04. 1-C for congitions at VL’ For conditions at Vg assume

nx4::0.

(11) The value of C! is specified in CAR 04.21., For a biplane see
CAN 04.217-E oF this bulletin, 8ee also CAM 04.217-D in cases
invelving wing flaps. :

(13) The net tail load factor; nz, is found by a swmation of moments
about point (2) of Fig. 22, from which the following equation is
cbtained:

= 1
ng = my - ho + 1y %o + ha -~ h .]
i cowry [1 Dx) hp + 11 3 + 0y, (By - hp)
Note: The above explanatory notes apply only wheén the set-up shown in
. Fig. 22 is used, If a different distribution of external loads
or s different system of measuring distences is employed, the
computations should be correspondingly modified.

6. - The preceding paragraphs 1-5 and items 1~16 in Table III cover the
determination of the balancing loads, without consideration for the moment
which mey be contributed by the fuselage and nacelles. The following
explenatory notes refer by number to items appearing in Teble III which
provide for the determination of teil lomds with consideration for fuszelage
moment effects, ms required by CAR 04,2210, '

{17) Cyt is the total moment coefficient about the c.g. of the airplane
less tall, as determined from & wind tummel test, Then such test
results are not availeble this item cen be omitied, as other pro-
visions to cover éases of this type are given in item (18) following.

- It will be noted that this coefficient is based on the design wing
area and the mean aserodynsmic chord.

(18) ACp is the increment in moment coefficient due to the fuselage and

: nacelle moments, also based on design wing area and mean aerodynamic
chord, When date on item (17) is not available, ACp can be assumed
equal to -~0.0l.

(22) T is the tail‘ibad considering fuselage and nacelle moment effects.
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CONTROL SURFACE LOADS.
GENERAL.

1, The requirements for the design of control surfaces as outlined in

" CAR. 04,22 are based on the two separate functions of control surfaces:

balanoing and meneuvering. The requirements are specified so as to account
also for the effects of auxiliary oontrol devices, gust loads, and control
forces., :

2+ The average unit loading normal to any surface is determined by the force
coefficient Cy and the dynamic pressure g, as shown by Bq. 13, CAM O4. 1-C,
When dealing with tail surfaces, it is customary to specify the value of Cy
for the entire surface, including both the fixed and movable surfaces. The
total load sc obtained is then distributed so as to simulate the conditions
which exist in flight., In the case of ailerons, flaps or tebs, the valus of
Cy is usually determined only for the particular surface, without reference
to the surface to which it is attached.

3. The average unit loading is usually essumed to be constant over the span.
On account of the nature of the chord distribution ecurver spetified in PAR
Pigte 04-4, 04~5 and 04-6, it will be simpler to sgsume that the wnit loading
at the hinge line is constant over the span '

.4e Although there are no specific chord loading conditions for control
surfeces gpecified in CAR 04.22, such surfaces should be designed to with-
stand & reasonable emount of chord load in either direction. A total chord
loed equel to 20 percent of the meximm normal load may be used as & separate
design condition. The distribution along the span may be made proportional
to the chord, if desired. Tests for this condition are not required unless
the structure is such as to indicete the advisability.of such tests.

BALANCING (HORIZONTAL SURFACES).

1. The balancing loads should be applied to the horizontal tail-suffacas, _
es the eilerons snd the vertical tail surfaces are used only to e small extent
The use of the vertical tail surfaces for belancing

a mlti-engined airplene having one engine dead is provided for in CAR 04.2220.

2. An acceptable method for accounting for fuselage end nacelle momemts in
the determinetion of the balancing tail loads is given in CAM 04.218-B6 and
CAM 04 Table III. When wind tunnel tests have been used in this process
the tail loads T! in item 22 of this teble may be used for design purposes.
When, however, the =0.0l momemt increment has been used in lieu of wind ftummel -
tegts to account for fuselsge and nacelle moments, the balancing ioads to be
used for design purpoges should be teken as either item 16 or item 22 in

CAM O4 Teble III, whichever ere most severe. This is to allow for a possible
renge of fuselage end nacelle moment coefficients. . = . _
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3. The chord distritution illustrated in CAR Fig. 04-4 is intended
to simulate a relatively high angle of attack condition for the
stabilizer, in which very high unit loadings can he obtained near
the leading edge. The opposite loeding required for the elevator
in the balancing condition provides for the control for ce which

the pllot might need to exert to hold the eirplane in eguilibrium.

4. In CAR Fig. 04~4, the load from the elevator is shown as a
concentrated load acting at the elevator hinge line. The hings
moment is, of course, resisted by the control system and there-
fore does not affect the stabilizer. It will be noted in CAR:
04.2210(b) that the opposite elevator load, P, may be assumed
equel to zero when the balancing load is obtained with flaps
deflected (Conditions VII end VIII). This is based on the im-
probability of the pllots having to push on the elevator control
in order to. obtain balence with flaps down.

MANRUVERING (RORIZONTAL SURFACES)

1. The requirements for mansuvering loads outlined in CAR 04 are intended
mainly to place the determinmation of such loads on & speed - foree coefficlent
basis, to spesify values which agree substantially with previous praoctice, and
to provide for the effetts of inereasingly greater airplane speeds. It should
be understood that the method is designed for application to conventional air-
planes and that in determining the maneuvering loads the designer should con=
sider the type of service for which the airplane is to be used.

2. The design values of Cy specified in CAR 04 represent coefficients which
can be attained by deflecting the control surfaces, the highest value represent-
ing the largest deflection of the movable surface expected at the design speed.
Lower values are used for up loads on the horizontal tail surfaces and for the
vertical tail surfaces, as the corresponding control forces are expected to be
less in these cases. The numeriocal values of the ocoefficients are coordinated
with the value of the factor in the equation for design speed and do not
represent the meximum coefficisnts which can be obtained with conventional
control surfrces. Higher values may be desirable ir certain cases, depending
on the purpose of the airplane, ‘

3, The chord distribution shown inCcAR Fig. 04-5 represents approximately
the type of lomding ocbtained with the moveble surface deflected. For tail
surfaces, this type of loading is critical for the moveble surface and for
the rear portion of the fixed surface.

2-24
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'FC = CONTROL SYSTEM FORCE

4]

_Ft_'dt+%d0 ' F‘fv

TOTAL TAB LOAD
Fe

n

TOTAL ELEVATOR LOAD

FIG.23 TAB LOADING CONDITION

(REF. CAM 04.2213)
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DAMPING (HORIZONTAL SURFACES)

1. When a control surface is deflected suddenly the full maneuvering loed
tends to build up immediately, after which the airplane begins to acquire
an anguler velocity. This angular motion causes the direction of the rela=
tive air atream over the fixed surfroe to change, which oauses the air load
on this surface to build up in a direction such as to oppose the angular
rotation of the ailrplene. This load is concentrated near the leading edge
of the fixed surface and is commonly referred to as the damping load. It
is provided for in CAR 04 as a supplementary condition based on the initial
maneuvering condition. The demping lomd is olosely related in magnitude to
the initial maneuvering load which produces it, so that it is convenient to
use the latter loading condition to determine the damping locad on the fixed
gsurface, To avoid the necessity for a separate analysis for damping loads,
the distribution is made the same ag for the balancing loads. In the onse
of the horizontal surfaces, the damping load therefore acts as a minimum
1limit for the design of the fixed surface and need not be investigated when
the balaeneing load is eritieal.

TAB EFFECTS '(HORIZ ONTAL SURFACES).

1. The loading condition specified ir CAR 04.2213 is diagrammatically -
{1lustrated in Fig. 23. This condition represents the case of the tab load
and the eontrol foroe both acting so as to resist the hinge moment due to
air load on the movable surface. For convenience, the distances and moments
oan be computed for the neutral position of the movable surface and tab.
Actually, the tab load will tend to decrease slightly when the movable surf-
ace is deflected, but this effect, being small and difficult to determine
rationally, can be neglected.

MANRUVERING (VERTICAL SURFACES) .

1. The comments in.QAM 04,2211 in regard to horizontal surfaces. also apply,
in general, to the vertical surfaces.

2, It is specified that the value of ¥V, shall not be less than the level
flight speed with one engine dead. This is based on the assumption that the
unbalanced yawing moment present in such a condition will be balanced by the
vertical tail surfaces. In some ocases it may be advisable to increase the
value of the normal force coeffielent to account for features such as engines
which are relatively far from the plane of symmetry. In estimating the speed
with one engine dead the following approximate equation may be used:

Ry

vP = 0.9 VL [2_....

Where VP = gpeed with one engine dead.

VL normal high speeé.

n = total number of'éngines.
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DAMPING (VERTICAL SURFACES).

1. The comments of CAM 04,2212 in regard to horizontal surfaces also applys
in general, to the vertical surfaces.

GUSTS (VERTICAL SURFACES)
1. The following points should be noted in conmection with this requirement:

2, ,This gust condition applies only to that portion of the vertieal
surface which has & well defined leading edge. The total effective
area for this condition is therefore the sum of the fin and rudder
areas which lie behind such leading edge. In ceases where the fin
fairs gradually into the fuselage the leading edge is considered to
be well defined for those longitudinal sections through the fin and
rudder which have thickness-chord ratios of .20 or less. For the
purposes of this requirement the "fin" is considered to inelude any
rudder balance area ahead of the extended trailing edge of the fin.

b. The chord distribution specified in CAR Fig. 04~6 is applicable to
those cases in which the mean chords of the effective fin and rudder

- areas aro of approximately the same magnitudes. When this figure is
used it should be noted that w refers to the average limit pressure
over the total effective area of the vertieal surface. The total
load acting is therefore equal to w times the total effective ares,
This load is, however, applied %o the fin only, in acoordance with
the apecified distribution.

‘8o When the mean chords of the effective fin and rudder areas are of
cousidersbly different magnitude, the chord distribution for a
symmetrical airfoil should be used. This distribution can be cbtaine
ed from the curve marked axperimmntal menn® of Fig. 11, NACA
Technical Report No. 353.

WING FLAPS,

1, In the design of wing flaps, the oritical loading is usually obtained
when the flap is completely extended. The requirements outlined in GCAR 04
apply only when the flaps are not used at speeds sbove a certain predeter-
mined desigzn speed. As noted in CAR 04.743, a placerd is required to
inform the pilot of the speed which should not be exseeded with flaps extend=
ede. Reference should be made to current NACA Reports and Notes for acceptable
flap data.

GENERAL,

1. In all cases the 1imit loads'for control systems are specified as 125
per cent of the actual loads corresponding to the control surface limit
loading, with certain maximm and minimum control force limits. The factor
of 1.25 15 used to account for various features, such ag: ‘

8, Differences between the actual and the assumed control surface load
distribution. '
. b. Desirability of extra strength in the control system to reduce
deflections,
6. Reduction in strength due to wear, play in joints, etec.
301230 0—41——8
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2. The maximm control force limits are based on the greatest probable
forces which will be exerted by the pilot., These forces can be exceeded
under severe conditions, bubt the probability of this oceurrence is very low.

' The ultimate factor of safety of 1.5, which is required in any case, will

permit the maximum 1imit load to be exceeded for 8 relatively short time withe
out serious consequences.

3. The minimum control force limits apply only to cases in which the control
surface limit loads are relatively small. The minimum control forces may be
applied when the control surfaces are completely utilized and are ageinst the

stops.

4, The requirsmnnt of the multiplying factor of safety of 1.20 for fittings
does not apply in the case of control systems, as the factor of 1.25 provides

8 sufficient margin and conservative rules are specified for determining allow-
able bearing stresses in joints. When the control system is designed by either
the maximm or minimum control forces it is also unnetessary to use the extra
factor of safety for fittings.

FLAP AND TAB CONTROL SYSTEMS.

1. Tt should be noted that the flap éosition which is most critical for the
£lap proper may not also be critical for the flap control mechanism and

supporting structure. In doubtful cases the flap hinge moment can be plotted

as a function of flap angle for various angles of abttack within the design
range. The necessary characteristic curves should be obtained from reliable

wind tunnel tests.

2. The following.design conditions apply to crank and twist type controls
for airplanes certificated in the "Transport" category:

8. From the cockpit control to the control system stops, teb comirol
systems should be designed to withstend the following limit loads:

(1) A torque of 133 inch-pounds epplied to the control kmob in
the case of twist controls.

(2) A torque given by the relation T = 100 R applied to the con-
trol wheel or crank in the case of controls that are not
operated by a twisting motion. In this category will fall
cranks, levers, and handwheels with a well=defined rim which
can be grasped for turning.

bs From the control system stops to the tab, tab comtrol systems
should be designed to withstand 1imit loads correspounding to

125 percent of the limit load used for the désign of the tab.

In the case of multiple tabs or multiple surfaces each incorporat-

ing & tab, 125 percent of the limit load should be applied to all

tabs 31mu1taneouslyo
c. Care should be teken to secure a rugged connection between the tab
and the irreversible unit.
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GENERAL.

l. Tail Wheel Type Gear. The basic landing conditions outlined in CAR 04.24
for conventional land type gear are tabulated in Fig, 24. This chart can be
used as a gummary of the load factors for the landing conditions by inserting
the actual values used.

2., Nose Wheel .Type Gear., The following design conditions have been found
acceptable in certain cases of nose wheel gear. It is emphasized, however,
that a1l unusual features of a particular design should be investigated to
insure that all possible aritical loadings have been congidered. See also

CAM 04 .340 for a discussion of energy sbsorption tests.

a8, Three-Wheel Landing with Vertical Reactions. The minimum 1limit load

- is specified in CAR 04 Fig. 04-10. The value of the sum of the
gtatic ground reactions shall be the weight of the airplane less land-
ing gear. The total load shall be divided between the front and rear
gear in inverse proportion to the distances, measured parallel to the
ground line, from the CG of the mirplans less landing gear to the
points of contact with the ground, The load on the rear gear shall
be divided equally between wheels. ILoads shall be assumed %o be .
perpendicular to the ground lins in the three-wheel landing sttitude,
with all shock absorbing units and tires deflected to one-half their
total travel unless it is apparent that a more critical arrangement
could exist. The criticel positions of the CG shall be investigated.
The minimum ultimete factor of safety shall be 1.5.

b. Threo-Whmsl Landing with Inclined Reactions. The minimum limit load
factor is specified in CAE 04 Fige. 04-10. The resultant of the
ground reactions shall be a force lying in the plane of symmetry and
passing through the CG of the airplane less landing gear., The basic
value of the vertiecal component of the resultant force shall be equal
to the weight of the airplane less landing gear. The horizontal com-
-ponent shall be 25 per cent of the vertical, acting aft. The total
‘force shall be so divided between the front and rear gear that the
resultant moment acting on the airplane will be zero. The load on the
rear gear shall be divided equally between wheels. The shock absorb-
ers and tires shall be deflected to the same degree as in sondition a
above, The oritical positions of the CG shall be investigated. The
minimum ultimate factor of safetv shall be 1.5, '

ce Two-Wheel landing with Verticel-Reactions - Nose Up, The minimum 1tmit
lond factor is specified in CAR 04 Fig., 04-10. The airplane shall be
assumed o be in an extreme nose-up attitude. The gross weight of ‘the
airplane less the rear gear shall be assumed to act at the rear wheels
in a direction perpendicular to the ground line. The total load shall
be divided egually between the two rear wheels. Thé resultant moment
on the airplane shall be balanced by inertia forces. The shock absorbers
and tires shall be deflected to the same degree s in condition a above.
The minimum ultimate factor of safety shall be 1.5.
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d. Two-Whedl landing with Inoljined Reactions - Nose up. The minimum limit
load factor is specified in CAR 04 Fig. 04-10. The airplane shall be
assumed to be in an extreme nose-up attitude. The resultant force shall
be determined in the same manner as in condition b sbove except that
the gross weight of the airplans less the rear gear shall be used. The
total load shall be divided equally between the two rear wheels. The
resultant moment on the airplane shall be balanced by inertia forces,
The shock absorbers and tires .shall be deflected to the same degree as
in condition & above. The minimum ultimate factor of safety shall be
‘1e5s

oe Two-Wheel Landing with Inelined Reactions -~ Nose down. The minimum
limit load factor is specified in CAR 04 Fig. 04-10. The airplane
shall be assumed to be in a nose-~down attitude with the front whseel
Just off the ground. The resultant force shall be determined in the
same manner as in condition b above except tuat the weight of the air-
plane less the rear pgear shall be used. The total load shall be
divided equally between the two rear wheels. The resultant moment on
the airplans shall be balanced by inertias forces. The shock sbsorb-
ers and tires shall be deflected to the same degree as in condition a
sbove. The critical position of the CG shall be investigated., The
minimm ultimate factor of safety shall be 1.5.

f. Two-Wheel Lending with Brakes - Nose down. The minimum limit load
factor shall be 1.33. The airplans shall be assumed to be in a nose-
down attitude with the front wheel Just off the ground. The gross
weight of the airplane less the rear gear shall be assumed to act at
the rear wheels in & direction perpendicular to the ground line, In
addition, a horizontal aft component equal to .55 times the vertieal
shall be applied at each wheel at the points of contact with the
ground. The total load shall be divided equally betwsen the two
rear wheels. The resultant moment on the airplane shall be balanced

by inertia forces. The tires shall be assumed to have deflected not

more than one-quarter the nominal diameter of their oross-section,

and the deflection of the shoek sbsorbers shall be the same as in

: condition a above. The minimum ultimate factor of safety shall be 1.5,

' ge Sifle Drift Landing., The minimum limit load factor is specified.in.
CAR 04 Pig, 04-10. The attitude of the airplane, the vertical comp-
onents of the landing gear reactions, and the deflections of the

- shock absorbers and tires shall be the same as in condition a above,
In addition, a horizontal aft component and a side component, each
equal to .25 times the vertical component, shall be applied at each
wheel at the points of ¢ontact with the ground., The resultant moment
on the airplane shall be balanced by inertias forees. The minimum
ultimate factor of safety shall be l.5.
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he S8ide Drift ILanding with Brakes. The minimum 1imit load factor shall be
1.0, The attitude of the airplane, the static ground remections on the
front and rear gear, and the deflections of the shock sbsorbers and
tires shall be the same as in condition a gbove. The total load on
the rear gear shall, however, be applied entirely on one wheel. In
addition, a side component equal to ,75 times the vertical component
shall be applied at each wheel at the points of contaet with the
ground. The side load at the rear wheel shall be assumed to mct in-
ward and the side lcad at the nose wheel shall be assumed to set in
the same direction. A horizontal aft component equal to .55 times the
vertical component shall be applied at the point of contaet with the
ground of each wheel equipped with brakes. (It should be noted that one
rear wheel is not loaded). The resultant moment on the airplane shall
be balanced by inertia forces. The minimum ultimate factor of safety
shall be 1.5. _ - '

i+ One-Wheel Landing. An investigation of the fuselage structure is
required for a one-wheel landing in which only those loads obtained on
one side of the fuselage in condition e above are applied. The result-
ing 1limit load factor is therefore one-half of the minimum limit load
factor specified in CAR 04 Fig. 04-10. {This condition is identical

“with condition e mbove imsofar as the. landing gear structure is coneern~ -

ed). The minimum ultimete Pactor of safety shall be l.5.

B. Ski Gear. As noted in CAR 04.2410 the ground losds for ski gear
are the ssame as for wheel geer. However, the strength of skis and
ski pedestals must be substentiated in sccordsnce with the require.
ments of CAR 15.12. See also CAM 15.,12. Approval of ski instal-
lations is coversd in CAM 04.061:. The Canadien ski gear requirements,
which are of interest to manufacturers contemplating export to

Canada, are listed in Inspeciion Handbook Chapter XII.

4, Special Considerations. When Iower limit and ultimate load factors are
used under the provisions of (aR 04.240, adequate provision should be made
to likewise hold the texliirg accelerations to lower values. Consideration
ghould also be givem to the fact that with such gear there is a tendency to
meke landings with a higher rate of descent than is common with gear develop~

_ipg higher factors.. When lower factors are used in the case of rubber shock
sbsorbers, spesoial rulings should be obtained from the Secrebary. When lower
factors are used with oleo type gear the following practice has been found
acceptablea

Such lower design load factors should never be less than one

half the conventlonal values.

an

b. A margin between the design load factor and the load factor
developed in the drop test should be shown. This margin
should be at lemst 20 per cent (of the design load factor)
at the one half value mnoted in = above , and may decrease
linearly to zero as the comventional design load factors are

reached.

The use of such lower ultimate load factors should be justified
by drop tests in which the complete landing gear is used.
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The prUV151ons of a and b above can be expressed by the formulas given
below., The waximum permissible developed lomd factor is '

_ @ng n
=3 ’
n,~n

. n

and the minimum required ultimate loed factor for use in the enalyses is

3n
n =500 Bl .

2n °+n1

but n should not be less than O.End, where

n, = ultimate load factor (Value from CAR
Fig, 04—10 times 1.5),

n = mirimm required ultlmnte load factor
for use in the anslysis,

n, = maximum permlssible load factor developed
in the drop test.

ENERGY ABSORPTIONo'

1. The definition of stalllng speed V, used in drop height calculatioms is
given in AR 04.113. If sccurate flight test data for the airplane in
question, or for a very similar airplene, are available, such date may be used
as a basis for calculating the power-off'stalling speed. However, the deter-
mination of speeds in the flight tests used in this connection should not
involve an extenslve axtrapolation of the airspeed callbratlon. ‘See also

CAM 04.340.

ENERGY ABSORPTION.
1. 8ee CAM 04.340 for general discussion.

SIDE LOAD.

l. This condition represents a loading such as would be dbtalnsd ina ground
loop. .

ONE WHEEL LANDING.

l. This condition represents the "whippihg® conditlon obtained in elthar of
the two following cases:

as The airplane strikes the ground with one wheel only. The initial
loading is such as to produce a relatively high angular acceleration,
which is resisted by the angular inertia of the airplane about its
longitudinal axis through the center of gravity.

b. After striking the ground on one wheel, or after a2 landing with
considersble side load, the airplane has acquired an angular veloeity
about its longitudinal axis and tends to roll over on one wheel., By
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the time the opposite wheel is clear of the ground, any appreciable-
side load will probsbly have disappeared, so that the one-wheel lang~
ing condition ecan be used again without modification. Any tendeney.
to continue rolling after the load has been transferred entirely to
one wheel will not be likely to increase the load on that wheel, as
the kinetic énergy of rotation will be converted into potential energy
by the rise of the center of gravity.

2. This condition does not require an additional investlgatlon of the landing
gear structure ds the loads ars the same as in level landing.

SIDE LOADS ON TAIL WHEEL OR SKID.

le It is required that suitable assumptions shall be made to cover side loads
acting on tail skids or tail wheels which are not free to swivel or which can.
be locked or steered by the pilot. In such cases it will be satisfactory to
consider a side load acting slone and having a limit value equal to one=
fourth the 1limit load acting on the tail skid {or wheel) in the three point
landing condition { CAR 04.242). This side load should act normal to the
plane of symmetry at the center of contamct of the skid {or wheel) and the
ground. The attitude of the airplene and the deflections of the tire and
shock absorber unit should be assumed the seme as in the three point landing
condition. The minimim ultimate factor of safety should be 1.5,

2o It is alsc recommsnded that this side load condition be applied to swivel
ing tall wheel units with the modification that the whesl is assumed %o be
rotated 90 degrees from the plane of symmstry and the side 1oad to be applied
through the center of the axle.

GENERAL .«

1, The basic water landing conditions are tabulated in Fig. 26. This chart
can be used as a summary of the load factors for the landing conditions by

- imserting the actual values used.

2. The landing conditions outlined for float seaplanes correspond., in genemal,
to the conditions used for landplanes. These conditions apply to conventional
float installations and in such cases will provide a sufficient range of load-
ings, When unconventional types of float bracing are employed it may be advis-
able to investigate other landing attitudes, depending on the type of loeding
which appsars to be most critieal for the structure.

4o In certein landing conditions a higher wvalue of the minimum factor of
safety is required for some portions of the structure. This is primarily

for the purpose of obtaining greater rigidity emd to provide for possible
varietions in the loed distribution. In general, whenever the total factor
of safety is 1.80 or greater, no further increase is required for fittings.
(See CAR 04 Table 04~7). It may be advisable, however, to use en increased
factor for fittings which are highly stressed or subjected to reversal of
loading, in order to provide for the effects of stress concentratlon, fatigue,
and wear at joints.
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SEAPLANE LANDING CONDITIONS

See CAR (04,25
COMPONENT rroar(t)
CORDITION Inolined |  Vertioal gide
o Remoticn Resction Landing
REFEEENCE CAR 04 o251 2638
n (Ldmit) 4.20(%) 4 440
 VERTICAL REACTION wt (%) v (8)
ERARMARD REACTION 1/4 Vertiocal 0
SIDE REACTION 0 1/4 Vertiecsl
Through CG Less Floats ‘In plene through

RESULTANT

and Bracing 0G snd perpendicular
_ to praopeller axis
PACTOR OF SAFETY 1,85 %) 1450
1,50 {6}

ATTITUDE

Fropeller saxls or reference line h9r1zoubal

21) For flost requirements see CAR 04,257 and CAR 15.11

2) Nesd not axceed 3,00 + IS3(W/H).

(3) W is gross weight less flosts and bracing. '
{4) For float attachments end fusslege carry~thru members.

(5) For remaining gtructural members.

2=3H

FIG. 25 SEAFLANE LANDING CONDITIONS
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3+ In those cases when it would be otherwise unnecessary to
‘ecalculate the moment of inertia of the airplane about its lateral
axis, the specified condition may be replaced by a simplified
loading by making some conservative assumptions., To simplify the
computation of inertia loads, an 'average'! linear acceleration
factor can be used, The approximate method then consists of
applying to the keel at a point one~tenth of the distance from
the bow to the step a load equal to m, We = 1/2ng Wy and computing
the inertia loads over the forward portion of the mll by using a
load factor of 0.65ny, applied vertically, together with a hori-
zontal component of 0.50m,e This would result in an unbalanced

handine moment and shear 'hv the rearward Mr+1rm of the mll.

AITARAAL SIS, NASUAAIA Y Cebie WLl JLIAREN RS I e

Since this condition is not likely to be cn_tical for the rearward
portion of the structure, these unbalanced forces and moments.
need not be applied to the rear portion for design purposes, The
'simpl:.f:_ed' Sys‘bem for the bow loading condition is illustrated

by Fig. 25b.

4, The use of a horizontal component of (50m, in the 'simplified!’
bow loading condition insures adequat.e forward-act inertia
loads fcn- local des:.gn.

5. To avoid excessive local shear loads, the water reaction may
be distrimted over the mll bottom, The area to be used in
determining pressures (for comparison with those specified in
CAR 0442541(a)) should be the projected area of the mll bottom
on a plane which is normal to the resultant water load, and :
which intersects the bobtom of the keel at a point om-tenth of

- the distance from the bow to the step.

2544

2545

STERN LOADING, CONDITION

"1, To simplify the compubations and to decrease the amount of

work required, the area to be used with the pressures specified
in QAR 04,2541 (2) may be taken as the projected area of the hull
bottom on the plane defined in CAM 04.2542.3.

(S S RTRELS)

SIDE LOADING CONDITION

1., In cases where the specified condition appears to yield un-

.
reasonable results, altermative procedures may be used, subject

to acceptance by the Administrator,

2. To avoid excessive local shear loads, the walter reaction may

be distributed over the mmll bottom. The area to be used in deter-
mining pressures (for comparison with those specified in CAR 04.2541(a))
should be the projected area of the hull bottom on the plane defined

in cAM 0O4.8542-3., The load to be used in determining pressures

should be the vertical component of the resultamt load,

w
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#2542 STEP LOADING CONDITION

1, The local and distributed pressure requirements are intended
to take care of the hull bottom as such, and therefore it is

not too important to correlate the maximum impact factor with
bottom pressure. This is further justified by the fact that the
maximum impact factor does not cccur until a considerable portion
of the bottom has been submerged, at which time the boltom pres-
sures have dropped considerably below the maximum values likely
to be obtained locally.

2+ The step loading conditlion is eritical for the ull in shear
and bending, and also may produce maximum dowrmward inertia loads
from nacelles, etc, The calculations can be considerably simpli-
fied if the resultant load is assumed to pass vertically through
the center of gravity. Although the load may act at some point

. otner than the c.z. and may actuzlly be inclined rearward, these
refinements will have very little effect on the shears and bend-
ing moments in the M1l structure and may therefore be neglected.
In order to provide adequate strength against forward inertia
loads coming f{rom wings, nacelles, etc., a rearward acting load
is included 1n the bow loading conditlon.

3. To avoid excessive local shear loads and bending moments
near the point of water load application, the water load may be
distrimted over the hmll bottom. The area to be used in deter-
mining pressures (for comparison vith those specified in CAR
04,2541(a)) should be the projected area of the Imll bottom on
a horizontal plane which intersects the bottom of the keel at
the front step.

«2543 BOW LOADING CONDITION

1, The most severe upward shear loads and bending moments for

the forward portion of the mmll structure are probably caused by

an impact load near the bow. Such a loading condition is likely

to be obtained in landing or in take-off from rough water. A
simplified procedure to cover this condition is discussed below.
More rational methods may, of course, be used, subject to acceptance
by the Administretor, :

2. Gonsidering the arbitrary nature of the hull loading condi-
tions, it seems reasonzlile to dispense with mumerous refinements
in specifying the loading condition and to applv a woncentraled
load at some specified point in an arbitrarily chnsen direction.
Therefore, the bow impact load is applied to the koe¢l at 3 point
cne~tenth of the distance from the bow to the step, and in an
upward and rearward direction at an angle of 30° from the vertical,
Se¢ Figure 2ba, As this lcading condition will produce a combi-
nation of vertical horizombtal, amd angwiar accelerations, all
items of weight will produce inertia loads accordinglye
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«2540 LOCAL BOTTOM PRESSURES

1. Since it is assumed that local pressures are applied only
over a limited eree at any instant, it is necessary to set up
some velue for such an area. Any solution to this problem will
necegserily be en erbitrary one, therefore, it is desireble to
consider the practical side of the picture. If the designer is
held strietly to a certain chape and size of loaded ares, it
might complicete the structural snalysis problem. To avoid this,
a more flexible requirement is set up to the effect that the ares
shall be teken such s to cause the greatest local stresses in
the adjacent structure. In no case need this area exceed a
value of 2,0 square feet. :

2+ To illustrate the sbove, if a comventiopal plate-stringer
bottom is used, the area could be teken as that determined by
the stringer and frame spacing. This would be critical for the
plate. To check the stringer aml the attachment of the stringer
to the frame, and to produce & meximum local load on the frame,
the pressure would be espplied to one stringer over an area of the
ssme value, assuming the resulting load to be resisted entirely
at the stringer attachment.

3. There have been geveral failures in actual practice of
verious hull componeats due to negative pressures aft of the
front step. However, since date concerning negative pressures
are so limited, it is not deemed advissble to specify any
design criterie for this condition. -

«2541 DISTRIBUTED BOTTOM PRESSURES

1. Although the bottom plating and stringers will be designed
by local pressure, major members such as cross-fremes and the
kool will be critical when larger areas are loaded. Water
tests indiceate thet aversge pressures over relatively large
aress are considerably loss thean the "peak" local pressures.
the requirement for distributed pressure consists of applying
similteneously over the entire hull bottom one-half of the
pressure values required for local pressures.

2. The distributed pressure requirements are not intended to
design the shell structure of the hull (sides in shear, etc.)
but apply to belt frames, keels, bulkheads, and the attachment
of the cross fremes to the sides of the hull structure.

3+ See CAM 04.2540-3.
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SEAPLANE LANDING CONDITIONS

See CAR 04,25
COMPONENT rroar(l)
CONDITION Inelined |  Vertiesl gide
Resction Reaction Lendling
REFERENCE GAR 04 251 262 | o258
a (Limit) 4,203) 4,35 (2) 440
 VERTICAL REACTION wi (3) w ) v (8)
REARNARD REACTION 1/4 Vertical 0 0
SIDE REACTION 0 0 1/2 Vertioal
RESULTANT Through GG Less Floats ‘In plene through

and Braoing CG und perpendiocular
' o praopeller axls
FACTOR OF SAFETY 1,85 (&) | 1480

ATTITUDE

Propeller axis or reference line hordzontal

For £lost requirements see CAR 04,257 and CAR 15.11
Neod not exosed 5,00 + J1SE(W/H), _
¥ is gross weight less floats and bracing.

For float attachmemts and fuselage scarry=thru members.
For remaining structural members.

o2=35

FIG. 25 SEAPLANE LANDING CONDITIONS
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FI1G.25a APPLICATION OF BOW LOAD

EXTERNAL
(WATER)
LOADS

0.30ny,

INTERNAL ANY POINT FORWARD OF C.G.

(INERTIA}

LOADS O.GSnb

(D)
FI1G.25b SIMPLIFIED BOW LOADING CONDITION
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RIGGING LOADS.

l. The requirements are based on the necessity for proportioning wire

sizes so as to prevent an excessive load being produced in any wire while
rigging any other wire. They provide for an average rigging load of 20
percent. This meens that when the meximum allowable ratio of rigging loads
(two to omne) exists between two wires, onme will be assumed to be rigged to
1343 percent, the other to 26.7 percent. If a larger ratio were permitted,
such as three to one for instence, there would be & possibility of obtaining
an excessively high rigging load in one wire while rigging the other to a
relatively low poroentage of its rated load.

2. A specific example of the epplication of these principles to an airplane
wing is found in a biplane cellule in which 1ift wires are used for both

front and rear spsrs, but which has only one landing wire (or psir of wires).
In such & case the lending wire must act as a counter wire for all of the 1ift
wires. This meens that & relatively high load mst be supplied by the landing
wire to counterect normal rigging loads in the flying wires. To mee% ‘the
requirement as to the maximum alloweble ratio of rigging loads it is there-
fore necessary to use a large landing wire, even though its design load from
the flying conditions is comparatively small. In this example it will also

be noted thet the drag truss wires may be loaded by rigging the flying wires.
Obviously, the drag truss wires should be strong enough to prevent excessive
rigging loads from being built up.

FITTINGS.

l. As noted in the requirement a fitting is so defined as to include the
bearing on the comnected parts. This ineludes the bearing of bolts on spars,

CASTINGS.

l. The additional ultimate factor of safety for castings is to sccount for
the reduction in strength due to internal imperfections and also for the
difference between the actual physicel properties of the casting and the
properties of cast test bars., It should be noted that when this factor is
used , the 50% stress reduction specified in ANC-5 for casting materials may
be disregarded, Consideration will be given to reduction in the specified
ultimate factor of safety when suitable means of internal inspections are
uged and when, in addition, it ecan be shown that such means of inspection
will result in the acceptance for use of only those castings having a
definite valu? of minimum strength at the critical sections.
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WIRES AT SMALL ANGIES.

1. The requlrement is based on the fact that a deorease in the angle, between

.a lift wire and a spar. will greatly increase the deflecticn for a given loading.

The formula used is so adjusted as to maintain, approximately, the deflection
which would be 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.
Sinece K approaches infinity as the angle approaches zero, it will be found
impractical to design wire-braced structures for small angles between the
wires and the members which they support.

CONTROL SURFACE HINGES AND CONTROL SYSTEM JOINTS.

lo It will be noted that it is unnecessary to prove the ultimate strength of
ball and roller bearings if the limit load does not exceed the manufacturer's
non~Brinell rating. If, however, the ultimate factor of safety of the bear-
ing is proved, consideration will be given to the use of a yield factor of
safety of less than 1.0 with respect to the manufacturer's non-Brinell rating
provided that such use is substantiated by tests.

1. The purpose of the requirement is to provide additional stre?gth for
thet portion of the wing structure which transmits the mein lending gear
reactions to the fuselage. It applies to all parts of the wing affected,
including fittings of a type the failure of which would impair the strength

of the wing in flight.
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PROQF OF STRUCTURE.

D00

31

)22

l. Aoceptable methods for computing the allowable loads and stresses. corres-
ponding to the minimum mechanicel properties of various materials are given
in the Army-Navy-Commerce Publication ANC-5, "Strength of Aireraft Elements®™,
ocbtainable from the Superintendent of Documents, Washington, D.C., for 35¢,

COMBINED STRUCTURAL ANALYSIS AND TESTS.
1. The results of load tests as referred to in the requirement may be
interpreted as the results of tests on similar structures when such btests

are appliceble,

l. Detailed recormendations as to acceptable methods of condusting structural
tests are contained in Inspection Handbook, Chapter VIII, "Test Procedure®.

2. 8ince it is required that the determination of test loads, the apparatus

used in tests, and the methods of conducting tests shall be satisfactory to

the Administrator, it is strongly recommended thet, in the case of structursl
tests on ell mejor units, the above items be fully covered by a report sub-

mitted to and epproved by the Administrator before the actuasl tests are conducted.

_ PROOF OF WINGS

DETERMINATION OF SPAR LCADING

le The following method of determining the rumning load on the spars of a
two-spar, fabric-covered wing has been developed to simplify the ealculations
required and to provide for certain features which cannot be accounted for in
8 less general method. It will usually be found that certain items are
constent over the span, in which case the computstions are considersably
simplified.

2+ The net rumning load on esch spar, in pounds per 1nch run, can be obtained
from the following equations: -

[{CN (r-a) + CMa} q+mnpe (r-j)]

[{_CN (a=f) - cMa.s q+mnge (;J-f')J

1]

Ve
144 144 b

.
T 144 5

Where yp = net rumning load on front spar, Ibs//inch.
r = net rumning load on rear spar, lbs /inch,
a, b, fy j, and r are shown on Fig. 26 and are
all expressed as fractions of the chord at the
station in question,

301230 O—-41-—7

03""1



CIVIL AERONAUTICS MANUAL

TABIE IV

COMPUTATION OF NET UNIT LOADINGS (CONSTANTS)
(Refc CAM 04.32-.55)

Span

L O <A N

10

12

hs

e = unit wing ﬁt., 1bs/8q.ft.*

r-3=@-0

11

c/186 v =0/®

Distenoce from root, inches
¢'/144 = (chord in inches) /144
f, fraction of ﬁhord

r, " " "
b= r -2 =@®-Q

a, fraction of chord (a.c.)

j s " " L] ™

r-a =-
a.-;f:@—@

y-1=-®-G

Stations Al

* These values will depend on the amownt of dispossble

load carried in the wing. -

=2
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(Note: the value of ™a" must agree with the value on which Cy, is

based,)

q » dynamic pressure for the condlition being investigated.

Cy and cMa are the airfoil coefficients at the section in question.

C* is the wing chord, in inches.

e is the average unit weight of the wing, in pounds per square foot, over
the chord at the station in question. It should be computed or estimated
for each ares included between the wing stations investigated, unless
the unit wing weight is substantially constant, in which case & constant
value may be essumed. By properly correlating the values of o and j,

the effects of local weights, such as fuel tanks a.nd nacelles, can be
direoctly accounted for. :

is the net limit load factor representing the inertis effect of the
whole airplane acting at the CG., The inertis load always acts in a
direction opposite to the net air load. For positively accelerated
conditions ns will mlways be negative, and vice versa. Its value

and sign are obtained in the balancing process outlined in CAM 04,218,

3« The computations required in using the above method are outlined in
Tables IV and V, in & form which is convenient for making celeulstions and
for checking., The following modifications and notes apply to these tebles:

B.q

be

Ce

de

When the curvaturs of the wing tip prevents the spars from extending
to the extreme tip of the wing, the effect of the tip losds on the
spar can easily be mocounted for by extending the spars to the
extrems span as hypothetieal members. In such cases the dimensicn
(f) will become negative, as the leading edge will lie behind the
hypothetical front spar.

The loeal values of Cy, item14, are determined from the des:_gﬁ. valus

of Cy in accordance with the proper span distribution curve. Fig. 180
is used for this purpose, together with the velue of ¥, obtained for
this figure, as outlined in CAM D4,.217-D,

Ttem 15 provides for a variastlon in the local valus of CM’ For
Condition I, the value of C, should be determined from the design
value of CP by the following equation, using item nuubers from

Tabl
B asIVa.ndV: L% .x(@—CP‘

Thern conditions with deflected flaps are investigated, the value of
Oy over the flap portion should be properly modified. For most
other conditions Cy will have a constant value over the span.

It will be noted that the grogs running loads on the wing structure
can be obtained by assuming e to be zerc, in which case items 19,
25 and 30 become zero, yp beoomes (1§ ‘ , Yp becomes @ x @, and
¥, becomes @ x(2

BB,
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| TABIEZ V
COMPUTATION OF NET UNIT LOADINGS (VARIABLES)
(Ref, CAM 04.31-A3)
. CONDITION ww==
q cNI(eto) C'c c'u or C.P: | b 7
1 .
: . Digstance b from root .
_ (Refer also to Ta'bleN_)
14 c"’Fl:' - cNI(otc) * Bb/xb
16 | oy (m;.lation with span)
16 @ x'@
BEAITEE O
AR @ = a |
' j:*i 190, x()x @
iowl@-®
21| 7o =(0) x @3, 1bs/inch
22 @ %
| 15]®-®
a 24 @ * q
w121 n, = x-®
fl=sjo-®
27 7. = @6) = (3), 1vs/inch
28 | C; (variation with span) -
- 29 _ x q
3o, =
E @) +
2] yo = x 3, 1bs/inch
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B DETERMINATION OF RUNNING CHORD LOAD

1. * The net chord loading, in pounds per inch run, can be determined from
the following equetion: o

Yo = E:c q+ng e ¢1/104

Where y, = running chord load, lbs /inch
Cy = chord coefficient at each station. The proper
sign should be retained throughout the computations,
g = dynamic pressure for the condition being investigated.
Oxp = net 1limit chord load factor approximately representing

the inertia effect of the whole airplane in the chord
direction. The value and sign sre cbtained in the
balancing process ocutlined in CaM 04,218, Note that
when Cg is negative, nys will be positive,

e and C!' are the same as in CAM 04.31-A2.

2. The computations for obtaining the chord load are outlined in Table V,
Ttems 28 to 32, The following points should be noted:

a. The value of Cy, item 28, oan usually be assumed to be constant over
the span. The only variation required is in the case of partial-span
wing flaps or similar devices.

bs The relative location.of the wing spars and drag truss will affect
the drag truss loading produced by the chord and normal air forces.
This can easily be accounted for by correcting the value of Cn as

indicated in CAM 04,129-A2 and Fig. 10.

3. It is often necessary to consider the local loads produced by the propeller
thrust. and by the drag of items attached to the wing, The general rules
concerning these items are outlined in CAM 04.217-C. The drag of nacelles
built into the wing is ususlly so small that it can be safely neglected. The
drag of independent nacelles and that of wing-tip floats can be computed by
using & rational drag coefficient or drag srea in conjunction with the design
speede The beasm and torsional loads applied to the wing through the attach-
ment members should also be considered in the analysis., In general, the
effects of nacelles or floats can be separately computed and added to ‘the

loads obtained in the design conditions. .

DETERMINATION OF RUNNING LOAD AND TORSION AT ELASTIC AXIS

1. The following method can be used in cases where it is desired to compute
the running load along any given axis, together with the unit value of the
torsion acting sbout thet axis.

2. As shown in Fig. 27, x denotes the location of the reference axis,
expressed as a fraction of the chord. The net rumning load along the locus
of the points x and the net running torsion about these points are found from
the following equations: -
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.= (Cya+mg e) Tz;
= . X 12
= {for o) v o wv 0 )] (@2

Where yy is in pounds per inch rum,
my is in inch pounds per inch rum.
x is expressed as a fraction of the chord.
C* 1s the wing chord, in inches.

The rama;ining symbols are explained in CAM 04,31-A. (As noted
previously, n, will always be negative in positively sccelerated
conditions,) ‘

3. The computations required for this form of analysis can be conveniently
carried out through the use of tables similar to Tables IV and V. The items
appearing in each table would be changed to correspond to the equations given
in 2 sbove. The computation of the running chord load can be made in the
manner outlined in gAM 04.31-B.

LIFT-TRUSS ANALYSIS

l. Jury struts. In computing the compressive strength of 1lift struts which
are braced by a jury strut attached to the wing, it is usually satisfasctory
to asswme that a pin-ended joint exists at the point of attachment of the
Jury strut. The Jury strut itself should be investigated for loads imposed
by the deflection of the main wing structure. An spproximate solution based
on relative defleotions is satisfaotory, except when the jury strut is con=-
sidered as a point of support in the wing spar analysis, in which oase an
accurate asnalysis of the entire structure is necessary.

2. Redundant Wire Bracings When two or more wires are attached to a common
point on the wing but are not parallel, the following approximate equations
may be used for determining the load distribution between wires, provided
that the loads so obtained are increassed 25 per cent.

AT+ VAL
b o] Velelily ] 5

t‘flzilles + V22A2L13

Where B = beam component of loed to be carried at the Joint,,
Py = load in wire 1,
.Pg = load in wire 2,
V3 = vertiocal length component of wire 1,
Vg = vertical length component of wire 2,

A] and Ay represent the areas of the respective wires, and
Ly and Lp represent the lengths of the respective wires.

The ohord components of the air loads on the upper wing and the unbalanoed

chord components of the loads in the interplane struts and 1ift wires at
their point of attachment to the upper wing should then be sssumed to be

37
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'

carried entirely by the internal drag truss of ‘the upper wing.

3., Indetermimate Wing Cellules. In biplanes which have two complete 1ift
truss and drag truss systems interconnected by an N strut, a twisting moment
applied to the wing cellule will be resisted in an indeterminate manner, as
each pair of ‘trusses oan supply a resisting couple. An exact solution involv-
ing the method of least work, or & similar msthod,‘can be used to determine
the load distribution., For simplieity, however, i1t is usually assumed that

‘the drag trusses resist only the direct chord lomds and that all the normal

loads and torsional forces are resisted by the 1lift trusses. This assumption
is usuelly conservative for the 1ift trusses, but does not adequately ecover

the possible loading conditions for the drag trusses. In the usual biplane
arrangement the lower drag truss will tend to be loaded in a rearward direction

by the wing moment. Design Condition VI ( (sr 04.2136) therefore represents

the most eritical ocondition for the lower drag truss. This condition should
be investigated by assuming thet a relatively large portion (epproximately
75 per cent) of the torsiomal forces about the merodynamic center are resist~
ed by the drag trusses. In the case of & single-lift-truss biplane, the drag
trusses must, of course, resist the entire moment of the air forces with
respect to the axis of the 1lift truss.

WING TORSION TESTS AND DETERMINATION OF COEFFICIENT OF TORSiOﬁAL RIGIDITY Cqp-

1. 1In order to determine the coefficient of torsional rigidity Cpp, it is
necossary to apply & purs torsional couple near the wing tip and to measure
the resulting engular deflectlon of the wing at selected intervels along
the semli-span. o

2. Setwup:. The wing should be mounted on the fuselage or a suiteble jig,
either of which should be anchored solidly to the floor or wall to prevent:
movement or displecement of the wing. The landing gear should be blocked
on the airplane. The torque.lcad mey be spplied to the wing tip through

- several besms clamped to the wing as near to the tip as is practical, such

as the oubermost drag truss compression rib location. The platform cables
should be attached to the torgue besms an equsal distance forward and aft

of the elastic exis of the wing+ This axlis may be located experimentally

by recking the torque beem and nobting the nodal peint on the wing chord as
viewed from the tip. Typical set-ups are shown in Figure Z7a. Care should
be teken to see that the strength of the local wing structure at the points
of epplication of the torque loads from the beams is adequate. For con- .
ventional two spar wood wings, it is adviseble to apply the loed directly to
‘the spears through wood blocks rather then attempt to carry the load through
e rib to the spars. Wings which are to be fabric covered should be tested
uncovered; unless & certain amount of conservatism is considered in comparing
the results with Figure 32, in order to simulate the conditions found in
service. : :

Scales fbr reading the deflections should be suspended from the leading and
trailing edges of the wing (excluding the aileron T.E.) at intervals of
approximately 10% of the wing semi-span, end should preferably be graduated
in the decimal system with graduations sufficiently fine to obbtalin readings
Yo s hundredth of em inch. The deflection reedings can be readily obtained
by the use of & "Wye™ level or trensit set up at some point that will permit

‘sighting on =sll scales. Several additional scales should be attached to the

fuselage and opposite wing (or jig) to determine if there is any relative
movement of the entire airplame. The level should be checked against a bench.
mark on the wall before eénd after each group of readings. '

o3=8
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3+ Loeding. The following procedure mey be used:

8. Q(btain zero torque reading on all scales, i.e., the two
platforms should be supported so thet there will be no
torque couple acting.

b, Add a sufficient amount of weight to each platform until
readable deflections are obteined. 1In general, for most
aircraft from 1500 1bs. to 25,000 lbs. gross weight, it
will be found desireble to make this first torque moment
(in.-1bs.) equal numerically to twice the gross weight of
the airplene., For aircraft below 1500 1bs. gross weight
and biplenes, 70% of the above velues may be used as &
first triel. Care should be taken to include the tare
woights of the platforms in the torque computetions.

ce Take readihgs,of all scales.

d. Add sufficiernt load to incresse the torque by 50% end
teke scale readings.

e. Add sufficient load again to increase the original torque
by 100% and teke scale readings. This last torque should
result in a twist of the wing of from 1.5 to 2.259 at the
wing tip, which is desired in order to obtain satisfactory
data for computing CTR'

f+ The data to be recorded are: the load applied; its lever
' arm; the deflection readings at selected points; and the
exact location of these points both along the span end
along the chord of the wing. It would be desirable to
use & teble such as shown on page .3-11 which would include
all computations necessary for determining Cpp.

4. Interpretation of results. Having obtained the leading snd tailling
edge deflections (F end R in table Va) or & corresponding set of data,
the angle of twist at each section of the wing for a given torque, or
platform load, is calculated eand plotted egainst the wing semi-gpan
measured from the wing tip.

¥ = Angle of twist in degrees at any section of the wing
€ = ten-1 (Leeding edge defl. (F) + trailing edge defl. (R)):
{ (c) Chord distemces between soales )

or
© = 57.3 (F + R) degrees
G

Plotting the deflection (F and R) and angle of twist (&) egainst wing
semi-spen (L) will reveal any inmccuracies in the data and will facilitate
checkzing the results.

The coefficient of torsional rigidity may now be computed, using the
following expression:

W 3=10
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Cop = MdL - M
TR B ?gg—
dL

where

- Cog — Coefficient if torsional rigidy (1b.it.2). It is equal to the

reciprocal of the torsional deflection per unit length per unit torque
end is usually expressed in velues to the 107

d% = Angle of twist in degrees, in length dL (in inches), caused by a

" torque of M inch pounds. Referring to the curve of angle of twist

(&) vs. semi~-span (L) shown in Figure 27b, it will be seen that & _ slope
of the tengent drewn to the curve at eny given point. Hence, dk

it is only necessary to drew the required tengent to the curve at the
value of L at which the CrR is desired and obtain d& to use in the above
formula for Cpp. L

It is very importent that the tangent line be dreawn eccurately. This
can best be done by first drewing the reflscted curve to the point of
tangency (originel curve mey be drewn on transpsrent paper and used

-reversed or the tangent spotted in directly by use of a small mirror),

and then by bisecting the resulting engle, as shown in Figure 27b for
a wing section 60 inches from the wing tip. The tangent line should
be extended to both axes se that the slope of the line may be computed
accurately which in this exemple is equal to dfgg / dLggs . -

Crgr should be computed for each of the three forque conditions used at

a number of points along the wing semi~span and plotted ageinst the distance
from the wing tip (L)« This curve will show the varistion of torsional
rigidity throughout the semi-span snd mey be used for purposes of comparison
with wings simlilarly tested. See CAM 04.404-2 and Figure 32.

BEAMS.,
WOOD SPARS,

1. The sllowable total unit stress in spruce members subjected to combined
bending and compression is covered in ANC 5, Section 2.41.

MBTAL SPARS ~ GENERAL.

l. 'The bending moments arnd shears.should be camputed by precise formules
which allow for the effects of the axial loads. Formulas for shear can be
developed by differentisting the formulas for bending moments. The values
of EI used in the computations should preferably be determined from & test
on 8 section of beam subjeoted to loads in the plane of the beam and normal
to its axis. In such tests it is recommended that the beam be simply
supported at the 1lift truss fittings and subjected to equal concentrated
loads, at or.near the third points of the span, of such magnitude that the
maximum shear and bending moment on the test specimen are in the same ratioe
as are the meximum primery shears and bending moments orn the corresponding
spars of the beam in the airplane. If this is not practiceble, the shear
on the test beam should be relatively larger than in the airplane. The
deflections in the test should be read to the degree of precision necessary
to obtain computed values of EI which are accurate within +5 ver cent,

05—12
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2. TWhen such a test omnnot be made, the value of EI may be computed from

. the geometrical properties of the section and the elastic properties of the
material used, but before being used in the formulas for computing deflections,
shears, or secondary bending moments, this value should be multiplied by a
correction factor to allow for shear deformation, play in joints, and lack of
pr60151on in computing the geometric properties of irregular sections. The

correction factors recommended are 0.95 for beams having continuous webs
that are integral with the chords, extruded I, and similar beams; 0,85 for
built-up plate girders having continuous webs connected to the chord by
riveting; 0.75 for beams with webs having lightening holes of such shape
that the beam cannot be analyzed as a truss.

C TRUSS~TYFE METAL SPARS

1. Metal truss spars, in which the axial load is so small that L/ (or equiva-
lent symbol as used in the formulas for computing the stresses in beasms sub-
Jjeoted to combined loadings) is less than unity, may be analyzed as pin-
Jointed structures if the axes of the members meeting at each joint intersect
at a point., When the axes of the members meeting at any joint do not inter-~
sect at a single point, the fipuwre formed with the axes of the members as its
sides may be called the Meccentricity pattern®™ of the joint. In these cases
the exial loads in the mctual bruss mermbers may be asgumed to be the same as
those in the members of an equivalent truss with the joints located anywhere
on that side of the eccentricity pattern formed by the axis of the chord
member. When there is an eccentricity pattern at the end of any truss member,
the load on that member spplied through that joint may be assumed to be
composed of an axial load P, computed as deseribed above, and a bending moment
equal to Pe, where o is the normnl distance from the exis of the menber to

the most distant corner of the eccentricity pattern. A more rational anaslysis
oan be made by dividing the total edcentric moment (about the true inter-
section of the web members) between the members intersecting at the joint in
proporfion to their relative resistance to rotation of the joint.

2¢ In metal truss spars, for which 1/3 is greater then unity, the bending
monents and shears on the spar should be obteined by the use of the precise
formulass The values of EI %o be used in these formulms should be obtained
whenever possible from deflection tests of the type desoribed in 04.311-Bl.
When tests are not praetlcable the defleections used for determining EI may

be obtained by the use of any of the standard methods of computing the dew-
Plections of a truss, the assumed loading being that which would be used in

a best. In computing these deflections it should be assumed that there is
from 0,005 to 0.010 inch slip in the joint at each end of each web member

of a riveted or bolted truss. No slip need be assumed in welded joints,
Thether the deflections are obtained by test or are computed, EI values should
‘be obtained for at least three points in each span of the truss and the aver-
age used in the precise formulas. When an external load parallel to the axis
of the spar is applied at any section at a point other than the centroid of
the chords at that section considered as a unit, it should be treated in the
precise formulas as an equivalent combination of an axial losd at that centroid
and a bending moment. ‘

3e The loads in the chord menbers at any seotion should be compubted from
F= RA KA a th, where P is the total axial load, A the area of the chord
under consideration, A the sum of the areas of the chords without allowanee
for rivet holes, M the total bending moment from the precise formules, snd h

2B-14
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the distance between the centroids of the chords, Where the axis of the spar
1s not straight between support joints, M should be inoreased or decreased by
Pe, e being the distance on the unloaded truss from the centroid of the chords,
considered as a unit at the section under investigation, to a line Joining the
similar centroids at the support sections. When full seale tests are mot
practioable, the loads in the web members should be ocomputed from

F= S/sin 0, where @ ig the angle between the web member and the axis of

the spar and 8 is the derivative of the total bending moment with respect

to x. If the cherds are not parsllel, S should be corrected by an amount
equal to the shear carried by the chords which are cut by the same section

as is the web member. Where the chord members change section, the web
members should be designed to carry an additionsl load the camporent of
which, parallel to the spar axis, is equal to the part of the total axiasl
load P that must be transferred from one chord to the other. Thus, if the
area of the upper chord changes from 0.6 of the total chord area to 0.5

of the total chord area, the added load in the web members will be O.1P/cos 6.
For simplicity, this load may be applied entirely to the web member adjmcent
to the ohange of seotion, when such procedure is conservative for thst member.

4+ Deslgn of Chord Memberse The column length should be assumed as the center~
line distance between truss joints for bending in the plane of the truss,

using a restraint coefficient of not more than 2.0. For bending laterally it
should be assumed as the distance between drag struts except that:

8, If the ribs have adequate strength to prevent lateral buekling the
distance may be taken as not less than one~half the distance between
drag atruts, _

b. If the wing covering is metal, suitably stiffened, the bending
laterally may be negleoted.

6. Design of Web Members. When there are no eceentrieity patterns and the
centroid of the rivet group is on ‘the axis of the member, the column length
may be assumed to be equal to the center line length of the member. The
restraint cocefficient used will depend on the type of joint employed butb
should in no case exceed 2.0, When eccentricity patternsexist or when the
centroid of ‘the rivet group is eccentrio to the axis of a member, such member
should be considered as an eccentriocally loaded column of length equal %o
its true c¢enterline length, the assumed eccentricity. of the axiasl load at
each end being taken as the arithmetical sum of the rivet group ececentricity
ard the distance from the sxis of the member to the most distant corner of the .
pocentriecity pattern. When a more exact method of snalysis is employed. each
member should be analyzed for the proper combination of axial load and end
moment. - '

THIN-WEB METAL SPARS.

l. Thin~web metal spars may be analyzed in accordance with the theory of flat
plate metal girders, under the assumption that diagonal tension fields will
be produced by ‘the shear forces. For information on this subject see NACA
Techniocal Note No. 469. The analysis should cover the attachment of the web
to the flanges. : :

¢

STRESSED-SEIN WINGS.

1. Plywood Covered Wings. Wings that are completely covered with plywood.
may be designed under the following assumptions:

03=~15
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a. The covering will carry the shear due to the chord components of
the external loads, provided that sultable compression members
are installed between the spars, and that cut~outs are properly
reenforced. The axial loads in the spars due to chord loads
should not be neglected in the spar analysis.

be If the loads .on the spars are computed by means of conventional
methods, without reference to the elastle characteristics of the
. entire strusture, it may be assumed that plywood covering, if
rigidly attached to the spars and ribs throughout their entire
length, will ocarry 10 per cent of the moments of the wing due to
the beam components of the air loads. The spars should be designed
to carry at least 90 per cent of these moments, When such covering
- is removabls or oontains large openings or other discontinuities
between the spars on either surface of the wing, proper reduction in
assumed strength of the covering adjacent to such opening should be
made., No reduction should be made in the shear loads %o be oarrzed
by ‘the spars.

2, MetalmGovered Wings. Bscause of the lack of uniformity in the types of
metal-covered wings in general use, it is recommended that extensive statie
testing be employed either in lieu of, or in conjunction with, stress
analysis methods. In many cases a proof test to the speclified limit load

is the only method by which the behavior of the metal covering can be deter-
mined. The following points should be considered in investlgatlng the
strength of metal covered wings:

a, Methods of analysis involving the use of the elastiec axls of the
. wing are acceptable if the position of the elastic axis is definitely
known. It is usuelly advisable to eliminate any uncertainty in this
respect by assuming different positions for the elastic sxis, thereby
covering a range in which it is certain to lie.
be Analyses of skin-stressed wings involving the strength of sheet and
stiffener combinations, or the strength of thin-web girders, should
be supplemented by data on at least one static test of a representa-
tive 'panel in which the design conditions are closely simulated.
‘Such a panel should be relatively large in order to mcoount for the
interaction of various parts of the structure.

SECONDARY BENDING

le In the design of wing spars and other mambers subjected to combined axial
and transverse loadlng the effects of secondary bending can be accounted for
by the "precise®™ equatlions based on the equation of the elastiec axis. In

order to maintain the required factor of safety, it is necessary to base such

computations on ultimate loads, rather than on the limit loads.
TATERAL BUCKLING.
1. For conventional wings, the strength of the beems against lateral buckling

may be determined by considering the sum of the sxial loads in both spars to be
rasisted by the spars acting together. The total allomable columm strength of
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both spars is the sum of the ¢column strengths of each spar acting as a pin-
onded colwum the length of a drag bay., Fabric wing covering may be assumsd
to inerease the total allowable colum strength, as above determined, by

50 per cent. When further stiffened by plywood or metal leading edge cover-
ing extendin, over both surfaces forward of the front spar a tétal increase
in allowable column strength of 200 per cent may be assumed.

RIBS
TEST REQUIREMENTS.

1, The rib tests requiredshould at leazt ocover the positive high angle of
attack condition (Condition I) and a medium angle of attack condition. The
total load to be carried by each rib should equal 125 per cent of the ultimate
load over the area supported by the rib, For tlie medium angle of attack
condition, the load factorshould be taken as the average of the ultimate
load factors for conditions I and III. :

2. The leading edge portion of the rib may be very severly loaded in
conditions II and IV. An investigation of the maximm down loads on this
portion should be made when V_ exceeds 200 mph. (See giM 04.217-B2). When
this requirement does not a.ppfy, it should be demonstrated that the rib
structure shead of the front spar iz strong enough to withstand its portion
of the test load acting in the reverse direction. A test for this condition
will be required in the case of a rib which appears to be weak. '

3. No less than two ribs should be tested in either loading condition. For
tapered wings a sufficient number of ribs should be tested to show that all
ribs are satisfactory. : ' :

TEST LOADINGS.

1. The following loadings' are acceptable for two-si)ar construction wﬁen the
rib forms a complete truss between the leading and trailing edges. (See .
CAM 04.217-Bl for other cases.)

‘a. For the high angle of attack flight condition, ribs of
chord length greater than 60 inches should be subjected

Revision Sheet No. 11

3/23/42

~ to 16 equal loads at the load points given in Tables V,

& or Vq. In order to determine which set of load points

B is applicable to the particular airfoil used, it is first

* necessary to determine the following airfoil cheracteris-
) ties: g '
° (1) PD (Pressure Distribution) classification.-

+ this is expressed by a capital letter followed

g by a two digit number such as € 10, B 11, D 12,
a ete. For the present purpose, only the number

I portion of the classification need be considered.
b (2) Cma 'c - moment coefficient about the merodynamic

center.

(3) Camber - in percent chord. (This is necessary
only in the case of airfoils having a "12"
pressure distribution classification.)

95-17



04.32
04.323 ' CIVIL AFRONAUTICS MANUAL

These characteristics are readily obtainable for most
airfoils from N.A.C.A. Technical Reports Nos. 610 and
628+ For amirfoils in the 10 or 11 classificetion, the
load points should be taken from Table V,, using the
line corresponding to the cma.c. value of .the airfoil.

(Table Vg should also be used for rib loading points in -
~cases where the P.D. classification is not available,

or in cases where the designer does not wish to determine
it.) For airfoils in the 12 classification, the load
points should be taken from Table V3, using the line

corresponding to the Cma and the camber of the airfeil, -

In cases where the actualcp051tion of load number 1 is
less than 1/2 inch from the leading edge, loads 1 and 2
may be combined into e single load (of twice the unit
value) and applied at their centroid. For ribs having
a chord of less than 60 inches, 8 equal loads may be
used, their arrangement being such as to produce shears
and moments of the same magnitude as would be produsced
by the application of 16 equal loads at the locations
specified above.

b, For the medium angle of attack condition 16 equal loads should be
used on ribs of chord greater than 60 inches, 8 equal loads for
chords less than 60 inches, In either case the total load shall be
computed as specified in GAM 04,313~-Al. When 16 loads are used, they
shall be applied at 8,34, 15.22, 19.74, 23.%6, 26,60, 29.86, 33.28,
36490, 40,72, 44,76, 49,22, 54,08, 59,50, 65,30, 73.54 and 85,70
per cent of the chord. TWhen B8 loads are used they shall be ac
arranged as to give comparable results.

Revision Sheet No. 11
2/23/42 :
Revigion to Page ,3-17

2. TWhen the lacing cord for atitaching the fabric passes entirely around
the rib, all of the load should be applied on the bottom chord.

'3, When the covering is to be attached separately to the two chords of the
rib, the loading specified in paragraph 1 of this section should be modified
80 that approximately 75 per cent of the ultimate load is on the top chord
and 50 per cent on the bottom, the total load being 125 per cernt of the
llltimate load,

32 PROOF OF TAIL AND CONTROL SURFACES.

1. In snalyzing movable control surfaces supported at geveral hinge points,
care should be taken in the use of the "three-moment™ equation. In general,
the assumption that the points of support lie in a straight line will give
misleadirig results. When possible, the effects of the deflsetion of the
points of support should be approximated in the analysis.,

#3221 1. The effects of inmitial rigging loads on the final internal loads are
difficult to prediect, but in certain cases may be serious enough to warrant
some investigation. In this comnection, methods besed on least work or
deflection theory offer the only exact solution. Approximats methods, how-
ever, are satisfactory if based on rational assumptions., As an example, if
e certain counter wire will not become slack before the ultimate load is
reached, the analysis can be conducted by assuming that the wire is replaced
by & forece acting in addition to the axtermsl alr forces. The residual load
from the counter-wire can be assumed to be a certein percentage of the rated
load and will of course be less than the initiaml rigging load.

e
.
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VIBRATION TESTS

l. The raquired vibration tests mey be mede by shaking the various units

of the eirplene by mesns of en unbalanced rotating weight driven through

e flexible shaft at speeds which can be controlled and measured, or by

cther accepteble methols. These tests should be made on a complete airplanse,.
The frequencies cbtained for the varidus units should be entered in Form
ACA=719 = Flutter Control Data. (A reproduction of this form to approximately
1/2 scale is shown as Table Vb on the following pege.) Copies of this form
mey be obtaeined from the offices membtloned in paragraph 2 below.

2. TVibration equipment is avellable at the Civil Aeronautica Administration
offices at LaGuardia Field, Long Iglemdj Kensasg City, Missouri, and Senta
Monics, California, Loan of this equipmemt may be obtalned by contecting the
Begional Memager. It is especially importent that the memufacturer pay
particular attention to the instructions furnished with the above vibration
equipment, in order that satisfactory results may .be obtained. However, the
menufacturer may use other types of vibration equipment, inwhich case a
report should be submitted containing a complete deseription of the equipment
and sufficient test dete to subsbenti ate its accuracy. When a resilient
element such as a spring or rubber ball is incorporated in the driving unit
of the vibrator, its stiffness should be low relative to the stiffness of

. the surface being vibrated, in order t¢ avoeid mlslea.ding results. If the

menufacturer desires, arrangements can be made to obtain experienced Civil
Aeronautics Administretion persommel to supervise the operation of the
vibration equipment.

«3=18
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3. Attitude of Aireraft. A1l of the vibration tests, wi
exception of the fuselage vertical bending and possibiywtzg the
fuselage side bending tests, can be conducted with the airplane
tail wheel (or skid) resting on the ground, providing that the
mtural frequencies of the various umits may be correctly
recognized with the airplane in this position. It las been
found desirable, in some cagses, to deflate the landing gear tires
(and tail wheel tire, if used) approximetely 25% s in order to
lower the natural frequency of the tires below the frequency
range expected for the structure. If difficulty is experienced
in recognizing the significant frequencies with the tail wheel
(or skid) on the ground, it should be raised just free from the
ground, either by a sling arcond the fuselage located as far
_ff)rward as is practical, or by blocking up in the region of the

~ wings. 'The latter procedure my be preferable for the fuselage
vertical and side bending modes.

4. TLocation of Vibrator on the Structure.

a. The proper location of the vibrator on the structure
i8 important in obiaining satisfactory resulis.
Suggested vibrator locations for exciting various
modes of vibration are given in Fig. 28 .

b. The effect of the vibrator weight on the freguency of
the structure may be appreclable especially for the
control surfaces. The lightest weight vibrator giving
gatisfactory results should be used. In general,
vibrators weighing up to 107 of the weight of the sur-
face to which they are attached may be used without
correcting the observed frequencies, unless the
vibrator distance from the hinge line is such as to
create a much larger relative effect upon the moment
of inertia of the surface. However, approximate fre-
guency corrections can be made by adding several small
increments of weight near the vibrator at the same arm
from the hinge line as the vibrator, and plotting the
resul ting total increment weights (including vibrator
weight) against the frequencies observed. Extrapolating
this curve to zerc weight should give the corrected
frequency. ’

¢, In general, the following points should be considered

' in the attachment of any type of vibrator to a structure.

(1) The location is of primary importance and should
be at a point of large deflection. See Fig. 28

(2) The vibretor should be so mourted that its line
of farce will be in the most advantagecus direction
to excite the vibration mode desired.

(8) It'is desirable to attach the vibrator to a part
of the structure that is fairly rigid such as the
wing spar, control surface ribs, etc.

(4) The local structure to which the vibrator is attached
should have adequate strength for the loads imposed
by the vibrator.

ad3=20
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(1N GEMERAL ‘ONLY & PRACTICH QF TR MODES LISTED Wikk B§ APPLICARLE 10 ANY ONE AYRFLANE}

ITEH SURFACE RLE DEGCRIPZION OF MODE AXD IIEM SURFACE HOIE DEBCRIPTION OF MODE ARD
BUGGEITED VIBRATGR LOCATION SUGCESTED VIBRATCR LOCATION
1 | kedder (As » | Buddor baek snd forth, under 16 | Fuselage | Bids  |Whole teil unit vibrating 1n side directian
(81ngle) Tnit) | the spring action of the oontrol cwdbles. Bondizg | sbout verticsl axia through fumlage for=
(Vibrator aft of horn oo rudder T.E.) werd of tall unit. Usually importent only
on 1srgo airplanes. (Vibrator et tail end
- af fuaslage.
z Tudder Torsion| Torsiemal wibratios of the rudder, under
fagTs) the sprley sotion of the torgque tubs
(Hode] line extends from brilling edge o 19 Fuselage | Verticsl] Same am item 18 above, exospt wibrating
torque tube.) (Vierater near upper end on Bending | in wertionl dirsotion about horizental
rudder I.E.) sxbs through fuselege. Only igportant In
very layge wiroraft having fuselmge sutouts
3 Ruddera Bym. Son® as ltem I above, exospt both rudders iu top sod bottom sides. (v:.mm at tell
(in TRlY . mwrd {or vatmzd) kb s tize. and of fusalege.}
(Tibrator eft of horn on rudder T.E.)
2 Stoavilizer| Symas Btabillrer bimding am & beam supported st
4 Rudders Unsym. | Ssue ag item 1 above, except both rudders Bending |ita midpoint (fuseloge). Umelly
{Twin Teil moving to right {or left) fopether. importent in omntilever twll mirface dealgma.
B (vibrator aft of horn oz rudder T.Ke) If wire or atrut bresed with small tip
. ovorheng, the mote of vibratim may not be
sich o8 to permit interestion with the
3 Ruddars torgion| Seme ws ltem 2 shovs. elovwtor. {¥ivrator peer cutbowrd snd of
(Svin Twil} stabilirer.)
6 Elavator Bym. Both slevators swinging up or down to- 21 Stebilizer BSym. Torsional vibration of the sisbilizer,
. B gother under the apring sokion of the Torsion |8imiler to item 15, for ihe wing. Dauslly
comtrol oablem (or push pull tubea) © | ouly importsnt for cmntilewer amd twin teil
(Vibrator st inner aud of one slevator wiroratt. (Vibrator nesr cuter ond of
T,E» or wfh of horn on single eldwator.} stabilizer at L.E.)
4 Elovatar Unsym. | Cue elovator {or 1/2 of singls slavator) 22 Stebilizer Unaym. [Torsiomal vibration of stablliper. Similer
— movizg up, other dovn st. exxe time woder Torgion [to dtém 14 for the wing. Nedal lino ot §
epring sction of terquo tube, {Hodsl of stebilizor {fuseluge). (Vibrator et
Yins plae of wurfave, wxbénding aft lsading edge of whabillzer or at trailing
from point nesr cenber of slevetor spar.) adge. of elevator, Flewktor olemped to
{Vibrator ot center of semi=span near T.B.) stabilizer.)
8 Adleron 8ym. Each ailercn ma o undt swinging up and
- down together, under the spring sctiom of 25 | 8tabilizer| BRocking [See item 17 alsc, Stabilizer sn a unit
the control osblea (or push pull tubes). | sbout its{recking about ite fuselage attachments.
{vibretor betwesn ceuter and Lrmer ond t fuselnge |Umally only importewt for twin tail mir-
siloron T.B.) attaghe Joraft. (Vidrator on f£in or outboard emd of
xents stablliger on twin tail airorsft, or pesr
outhoard end of atabilizer — slevator
L] Alleron ‘Unaym. | Cos sileron ma m unit mevizng up, other hizge line on single tail mircraft.)
T down &% stme time, under sprizg wotion of
oontrel oeblea, (Vibrator aft of horn at
alleren T,.E.) 24 Fin Bending [Pin bending as e heem fixed at one ends
: (g1zgle TUsaslly anly important in omztilever tell
+adil) rarface desigua.  (Vibrator neay upper end
10 Mleron Toralen] Torsionsl vibration of alleron, under the of fin near rudder hinge line.)
0 . spring aotion of the torque tube (Fodal
line oxtends from trailing edge to torgue
mhg.) {Vibrator near outer ond at aileron 26 Fin Torsion |Toryional wibration of the fin. Similar to
T.E.) (Bingle item 21 for, the mtabilirzer. [Tibrator on
g tadl) £in LaE. near upper eod.)
11 Hizng Symte Hing bending as 4 beam supported et ite
Bending | midpoint {fusalage}, or as a hrmoed besm
supperted &t the brase points. (Vibrator 24 Fin Bemding [Fin pending ss & beam fixed at its attaoh-
neer wing tip epproximetoly on sleatdc {Twin Tedl| (Sym. wowt %0 ptabilizer. (¥ibrator nesr upper,
axia of wing.} - only) | with ve— |or lower, end ‘of fin nosr elaptlo sxis of
spest t6 |fin.} (Upper and lower porticza mey have
wttaching|different froguencise.)
12 Wiog Ungym. | Sems a8 Ltem 11 sbove, except. that right £in to '
Bending | wnd left halves of the wing move in oppo— atwbllizer
site direstions wt the same tlme. Doually
¢nly important in large multi-enzine air-
craft. (Vibrator neAr wing tip approwi- 27 Fin Fin beding as & besm fixed at its attmch-
matoly on elastic axis of ming.) {twid Teil [(Unmyme |memt to etabilizer.
- enly) [with re-
spest teo
13 Fing Sy Toraivnel vibration ¢f the wing sbout B hachment:
Torsion | spsowise axis, Right and left halves of of fla &
the wing zove in awme dlréction about atabilizer)
thia exis mt the mapt timo. (Vibrator
newr wing tp, formerd or aft of eleatic .
axly of wing.) - 28 Flap Toralen |Torsicnsl vibration of outboard end of flap.
. . . |SAmiler to item 10 mbove. Assuming irre-
varsible contrel arm ussd. {Vidretor neer
14 Wing Unaym, | Same as 13 mbove, exospt right sud laft cutboard ead of fisp oo 2.B.) Only imper-
Torsion] halvea of the ¥ing move in opposite tant wion flap extenda outboard oz wing
dirsctions about s sparswipe sxis at the beyord 50K semi-epsn looatien.
sams tize, (Vibretor noar wing tip,
forward or aft-of elmstic axis of wing.)
. 29 Iaba Koter Effect of vibrator weleht ou ien fre-
(Fadder quency should be Luvestigmtad whem
5w Golluwle | Sams wp item 15 above, exgept ceuter of il vibrator is attachad directly to
Plaze sym, rotation may be locdld between upper jElevator ) tab.
only ) Toredon | end Lower winge. (7ibroter weting 4n
chorfwine directiom at uppor wing outer
roor interpiane strut ettschment,} 3 Trim Torsion [Torpiomal vibration of the tab undsr the
o sprizng actitn cf the torque jfube. BNode on
- Balance T.E. (Vibrator on tab near ene end.)
18 )] Colluls oo 8% 1tem 14 wbove, axcapt sember of Las '
plans Togym. rotatia oy be locsted betwean uppsr and
only) Toralon | lower wimgs. {Vibrator asting in chord-
mige directicn at upper wing outer rear 31 Servo Syme 'ab ar & unit mringing beok end forth uader
interplone strut abtaoboent.) i fee spfing actiom of the coxtzol onblea.
i (Vibrator on adjasent tab supporting struce
fure, or on tab itpelf.)
17 Fuselage Torsion Whele tedl uplt ané faselage wibrat:
torslonally sbout lofgitudinal axia. (Ses
Stom 25 eiev) {Vibrator on finm or stabil- 52 Sexvo Torslon [Same as item 19 adove. (Wibrator on teb
lgor - on hinge lime, wt tip of aurfece.) T [ooer’ one end.)
33 | Balazoe Bending [Support Demding a3 & besxm {fixed mt oze sad)
@ of in various planes depending cm the righdity.
3o xov- sipport [Most luportemt dimotions are wertionl sad
eble {sidoways with relstion to the airplane
suriasas — josnitorline, (Vibrator near balanse weight
wounted op muppert. )
lang mp=-
parta
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5. Testing. A certain amourt of experience is necessary in
recognizing the various modes and resonant frequencies, In
conducting the tests, the vibrator should be placed on the
structure as suggested and then operated at increasing speeds
until a response peak is reached (the amplitude of vibration

' of the structure is appreciably greater than at slightly
higher or lower speeds, thus indicating a resonant condition).

6. During the vibration tests involving the control system,
the controls should be restrained by an assistant to simulate
the condition in flight., When the control svstem incorporates
dampers or power boosters, their effect on the frequencies
should be considered. It is important that cable control
systems be rigged to their proper tension. In gemeral it
will be found that cable control systems will have a larger
resonant frequency response range than a more rigid systenm,
such as one incorporating push pull tubes with close fitting
joints. In the former case, when an nmsually large range is
encountered, it is desirable to record the frequencies at both
ends of the response range. In most cases it is satisfactory
to note only the mean frequency value for the particular mode.

7. -1t should be noted that it may be possible to excite a
certain mode in more than one way. For instance, the fuselage
torsioml frequency may be excited in the fin bending test and
conversely the fin bending frequency may be excited in the
fuselage torsion test. Cases of this type will serve as cross
checks on each other. :

* The phase relationship of vibrating parts may be determined
by the method shown in Fig. 28a as applied to the par~
ticular case of the elevators, The metal plates A ana b,
attached to the trailing edges of the elevators and intercon-
nected with a wire, are necessary only in the case of fabric
covered surfaces or surfaces which have a poor electrical

 interconnection. TVhen the parts are vibrating the phase re—

lationship may be determined by manually holding the leads -

C and D close to the surfaces so that intemittent contact is
made during each cycle, If the light flashes or clicks are
heard in the headphones at regular intervals (with the contacts

" in the same side; i.e., upper or lower), the surfaces are
~ vibrating in phase, whereas, if the light does not flash, or

no click is heard in the headphones, the surfaces are out of
piase,  This shouid be verified by reversing one contact, for
example, putting contact D on the upper side.:

The location of the nodes of the variocus forms of vibration
should be established by the tests, In many cases the location
of the nodes is self-evident, or can be determined by visual
observation or by "feel"., Determimation of the nodes by the
foregoing methods is generally satisfactory for most modes of
vibtration. If the torsional axis of vibration of the fuselage
(cr the nodes for other modes of vibration) cannot be defi-
nitely established by the above methods, a more detailed pro-
cedure, involving measurements of the amplitudes of vibration
at various peints, shotld be employed.

' «3=22
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| | INTERCONNEGTING  WIRE
PLATE - I : | :
. | PLATE B
, ‘ | -/

VIBRATOR.

FLEXIBLE SHAFT

D' / , Q
BATTERY/ LIGHT/

OR HEADPHONES -

(REF. CAM 04.323-7)

FIG. 28 A TEST SET-UP FOR DETERMINATION
OF PHASE RELATIONSHIP
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8. A nuwber of frequsncy trend curves are shown in Figure 28b. These will
be expanded as more data become availeble. The wing and stabilizer data
shown on this f1gure were obtained on unbraced surfaces. It should be

_ appreciated that these trends are spproximate and cen serve as a rough guide
only. Many factors, such as the type of construetion imvolved, etea, will
heye a marked influence on the actual values which will be obtained for sny
particular design.

9. Figes 28 gives a detailed description of the possible modes that mey be
obgerved during the tests snd includes suggested vibrator locations for
each mode. In generel, only & fraction of the modes listed will be applicable

to any one airplene.

PROOF OF CONTROL SYSTEMS.

l. In some. cases involving special leverage or gearing arrangemsnts, the
eritical loading on the control system may not ocour when the surface is fully
deflected, For example, in the case of wing flaps the most eritical load on
the control system may be that corresponding to a relatively small f£lap dis-
placement even after proper allowance is made for the change in hinge moment.
This condition will occur when the mechanical advantage of the system becomes
small at small flap deflections.,

2. An investigation of the strength of a control system includes that of the
various fittings and brackets used for support. In partioular, the rlgldlty
of the supporting structure is important especially in aileron, wingflap, and
tab control systems.

PROOF OF LANDING GEAR.

1, The landing conditions tabulated in Figs, 24 and 25 are chosen so as to
cover ‘the various possible types of landings with a minimum amount of investi-
gation. It will usuelly be found that each different conditiom is critieal
for certain different members. If the design is such that it is obvious that
a certain condition cannot be critical for any member, such a condition need
not be investigmted. It will probably be nescessary, however, to determine the
loads acting on the fuselage in all conditions, for use in the fuselage ana-
lysis.

2, In order to simplify the procedure used in analyzing landing gear and
float bracing it is recommended that the following conventions be used:

a. The basie reference axes are designated by V (positive upward),
D, (positive rearward) and H (positive outward). (For side lsnding
conditions H will be pesitive outward only with respect Yo one side.

be. Tension loads ere positive, compression loads negative.

c. Moments are represented by vectors according to the ™right hand® rule.

de The besic axes also represent positive moment vectors, each axis
being the axis of rotation for the corresponding moment. (Note that
changing the sign of a moment reverses the direction of the vector.)

e. In writing the equations of equilibrium, all forees are initially
assumed to be tension, i.e., positive. The true nature of the forces
will be indicated by the sign of the vector cbtained in the final
solution,

f» Moments can be combined vectoriaslly in exactly the same manner as
forces and can also be solved for by the same methods.

o324
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ENERGY ABSORPTION TESTS.
GENERAL.

1. As stated in CAR 04.440 the ghock-sbsorbing system mist so limit the
accelerstion in specified drop tests (CAR 04,2411 and CAR 04.2420) that
the ultimate loed used in the design of eny member is not exceeded. In
general this is interpreted to mesn that the ecceleration recorded in drop
tests should not exceed the nitimate load factor for the condition being
tegted. In infrequent cuses the ultimate loed factor 1s exceseded in a
drop teat but, due to mergins of safety, the ultimate strength of any
member ls not exceeded. In such cages the true margins should be listed
in the enalysis. Drop tests alone from the required height ere noi acceptable
as proof of strength. Any yielding of structural components in drop tests
will be subject to review and further consideration. ‘ ' '

2. Many cases arise which involve approval of a higher gross weight, the
necessary greater height of drop, or the use of different tires fram
those used in the originel dop test. In same such ¢ases it may be possible
to demonstrate compliance with the requiremsnts without an additional drop
test. In general, however, time and expense will be saved if such changes
are antiocipated and substantiated at the time of the origimal drop test.

%Z. TIn the drop test it is acoeptable to allow for the effect of wing lift

‘present in the landing maneuver only when such effect is substantiated,

j.e.« whon a campletely rational analysis of the problem is made.
MATN GBAR TESTS - FIRST METHCD

1. The Pirst method of testing involves dropping the fuselage or

equivalent structure with the complete landing gear attached. A
beem with the proper location of landing gear fittingsmay be con~

'sidered as equiwalent structure. Tests should be made for either

the three-point or level landing condition, whichever is oritical
with respect to energy absorption, i.e., whichever {in the oase of -
conventional gear) involves a smaller component of wheel travel

" (relative to the airplane) in the direction of the resultant exter-

nnl force. See E below for considerations in the case of nose wheel
type gear. However, tests should also be made for the other oondi-
tion if it involves higher bending lomds in the shock absorber than
does the coritieal condition.

2. For the three-point landing test the rear end of the fuselage is
held in place on the floor as shown in Fig. 28. For the level land-
ing test the rear end of the fuselage is raised until the center of
gravity of the loaded airpleane is vertically above the wheel axles,
or until the fuselage is ineclined at & nose-down angle of 14 degrees,
whichever is reached first. The rear end of the fuselage is then
held in this position, as shown in Fig. 29. Care should be taken,
particularly in the lewvel landing drop test, to restrain the rear
end of the fuselage from rising as a result of the impact. When the
airplane is in position far the drop it is advizable to place sand bags
under the structure nesr the CG to minimize the damage in case of
feilure. ' C
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ARRANGEMENT FOR
THREE POINT DROP

ARRANGEMENT FOR
LEVEL LANDING DROP

3 ‘ .
HEIGHT C;F DROP . %\
(REF. CAM 04.340— B)

FIG. 29 SETUP FOR LANDING GEAR DROP TEST
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3. The accelerations should be obteined by use of a recording ace~
celerometer, a space~time recorder, or other suitsble means attached
or connsected as close to the CG as possible.  The NACA has s mmber
of accelercmeters which are spproved for this purpose and will lend
then to manufacturers on request. In this comnection it should be
noted that when accelerameters are used they should have & wvery short
natural pericod, i.ees 20 second or less. In gensral the use of a
recording device in which a mess travels an apprecisble distance will

. be questioned.

4. The following progedure should be observed in condueting the teats:

a., For tests in the level landing attitude the weight on the main
wheels should be the full gross weight of the airplans. Note
that this does not require that additional weight be used to
duplicate the stress anmlysis resultant load which includes the
vertical and aft components. In the three-point attitude the
weight on the mair wheels should be the static resction for this
attitude with the full gross weight at its most forward €G
location. ‘ |

b. The tire pressure should be the same es that recammended by the
Tire and Rim Association for use in service. Likewise the
proper fluid, fluid level and mir pressure (if any) of the shock
absorber shoulq be used.

c. A hoisting sling with a quick~release mechanism is attached
to the fuselage near the center of gravity. By meens of this
hoist the front end of the structure is raised until the tires
are clear of the floor by the desired amount. When using the
tape ‘type space~time recorder it is desirable to mark the
Pstatic™ and "olear™ positions on the tape.

d. The flobr, or & steel plate placed under the tires, ﬁay be
greased if desired to prevent the tires from rolling off the
rims if there is appreciable side movement of the wheels.

e. The gquick-release is operated, allowing the structure to drop
freely.

5. It is advisable that the drop height be increased by increments from
same low value until the height specified in CAR (24.2411 is sttained
so that unsatisfactory characteristics can be detected before the gear
is overstressed., Note that the specified height is measured from the
bottan of the tire to the ground, with the landing pgear extended to its
extreme unlosded position. '

6. The final test should be witnessed by & representative of th? .
Administretor. The mexufacturer's report should inelude, in eddition
to other data (see CAM 04.032-A), the accelerometer records.or exact
copies of them, with the megnitude of the meximm scceleration
determined and marked thersom. A record of the meximum tire deflection

should elso he given.
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¢ MAIN GEAR TEST8 ~ SECORD METHOD

1. The secord method of testing involves dropping the shock absorption
unit, including wheel and tire mssembly, in a special test rig. When
using this method it is strongly recommended that the actual linkage
ratios (wheel travel Yo shock absorber travel) be duplicated, and that
bending in the shock sbsorber member (if present in service) be simulated
in the test. When this is impracticable it will be acceptable to use the
Min line™ method (wheel, shock-gbsorber and load ir line) outlined below
provided that the following points are observed:

8. Prior to final tests the proposed test procedure should be sub-
mitted to the Administrator for ruling as to its acceptability.

b. Drops should be made from several different heights In order
to establish the trend in accelerations.

c. The ™in 1line™ method is hot recommended when the walues of K-
(see 2a below) exceeds 1.75.

d. A margin between the developed acceleration and the ultimate
"~ load factor, proportional to the degree of bending present in
service and the pertinent wvalue of K, should be shown.

2. The following procedure should be observed in setting up for -
"in line™ drop test:

2. Dotermine the value of K {ratio of the static load on the sitrut
to the static load on the tire) for the oritiocal condition being
simulated in the test (See B above and E below for considerations
involved). - :

b. TUse a test weight equal to K times the sitatic load on the tire.
Of this test weight, the “unsprung™ or "semi-sprung™ portion of
the jig weight, i.e., that portion of the jig weight which moves
with the wheel, should be held to the minimum practicabls.

c¢. Replace the original tire vwith a tire having a load deflection
curve each ordinate (losd) of which is K times the original
velue and each sbscissa (deflection) of which is approximately

E times the original walue, the original wvalues being those

for the tire mctually used. In sddition, the meximum deflection
of the test tire should be limited to 1/K times the meximum de-
flection of the original tire. It may be possible to obtain the
above characteristies by changing the inflation pressure of the
original tire and by using stops. :

d. The height of free drop should be 1/X times the.height specified.

e. The foregoirg adjustments are necessary in order to reéduce %o s
minimum the errors in impect emergy, piston veloeity, and shock
strut load. Nute that such errors ineresse with an inerease in
the value of X.
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TESTS OF TAIL WHEELS AND TAIL SKIDS.

‘le Tests for the erergy absorption capacity of the tail wheel assembly

mey be made in a manner similar to that used for testing a complete main
gear assembly (See CAM 04.340-B), except that the tests need be made only -
for the three-point condition. The test load may be obtained by loading
the fuselage or by concentrating the required mass over the tail wheel.

2. In conducting these tests the front wheels rest on the floor while

the tail is raised the required distance (See CAR 04.2411) and dropped.
The accelerameter or space-~time recorder tape is attached to the structure
at a point over the wheel. Drop tesis of complete assemblies, or ®in-line™
drops made in test rigs (See CaM 04. 34—0), are equally acceptable.

e Tests for the erergy absorption capacity of tail skids should be con~
ducted in a manner similar to that outlined above for tail wheels .

TESTS OF NOSE-WHEEL TYFE GEAR

l. In general, the tests of main wheel and nose wheel installations
may be made in accordance with ‘the methods oubtlined in A to C above.
The tests of ech installation should be made for the most critieal
(most unfevorable with respect to shock absorption) of the conditions
outlined in CAM 04.240-2a through Z2e. Bach of these conditions is as-
sumed to be produced by the free drop froam the height specified in
CAR . 04,2411, In determinirng the critieal conditions, consideration
should be given to the wvalue of the component of wheel travel {relative
to the airplane) in the direction of the resultant external force and
also Yo the magnitude of this force. In general, the highel the force
and the smeller the travel, the more critical the condition, In cases
where question arises as to the appliesbility of the design conditions
used it ias advissble to conduct actual lending and taxiing tests with
one or more acceleramsters instslled in the sairplane.

2. 1In ell ceses the proposed test procedure, together with details of

theé installetion, should be submitted to the Administrator for comment prior
to the tests.

TESTS AT PROV ISIONAL WEIGHT

l. When advantage is ken of the provisions of CAR 04.711 in design-
ing the landing gear only for the standard weight, it is necessary to
show that the airplans is cs.pable ‘of safely withstending the ground

shock lcads incident to taxiing and taking-off at the provisional weight.
This oan be demonstrated by showing that the accelerations developed in
taxiing and taking-off over rough ground (off runway)ere such that the
limit load for any landing gear member is not exceeded. The accelerations
developed in these tests should be ob'l:alnsd by means of a recording ac-
celercmeter.
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PROOF OF FUSELAGES AND ENGINE MOUNIS
- GENERAL

l. In sddition to determining the loeds in the mein structural members
of o fuselsge, the local loads imposed by the internal weights which
-they support should not be overlooked. This applies perticularly to
members which serve both as a criticel portion of the primary structure
and-es & means of support for some item of apprecisble welght. Also,
whenever critical, control system loads which occur in the specific
flight or landing conditions should be combirned with the primeary ‘loads.
The. combined stresses should be determined in such cases.

STRESS ANALYSIS PROCEDUERE

1. Weight Distribution. All major items of weight affecting the fuselage
should be so distributed to convenient panel points that the trus center
of gravity of the fuselage and its contents is mmintained. A suitable ver-
tical division of lomde should be included. The following rules should

be followed in computing the pa.nel point loads for conventronal air=
pls.nes:

a. The weight of an item lc:cated between two adjacent panel
points of the side trusses should be divided between those
panel points in inverse proportion to the distsnce from
them to the center of gravity of the item.

b. 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 couple at the ’call post or
front frame, as the oase may be.

c. The weight of an item supported at three or more panel points
should be divided between those points by the sid of an in-
vestigation and analysis of the method of support, if prac-
tieable. When s rational anelysis is not possible, the divi=
sion may be estimated. '

'd. Inall cases the mament of the partial panel loads due to any
jtem about an origin near the nose of the fuselage should be -
squal to the mament of the item about that crigin.

e. All loads may be nﬁsumed to lie in the plans of symmetry and
to be divided eqmlly betwsen the two vertlcal trusses of the
fuselage.

2. Balancing (Symtric'gi 'i'(f:on&itiozis).‘ Nethdds' of balancing the air-

plane are disoussed in- CAM 04.218. It will, in general, be satisfac-
tory to apply directly the balancing loads found in the various flight
conditions, The acceleration factor epplied to'each item of mass in

" the fuselage will be the ust scceleration factor as determined from the
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PROOF OF FUSELAGES AND ENGINE MOUNTS
GENERAL

l. In addition to determining the loads in the mein structural members
of a fuselsge, the local loads imposed by the internal weights which
‘they support should not be overlooked. This applies particulsarly to

members which serve both es & oritical portion of the primery structure
and as a means of support for some item of apprecisble welight. Also,
whenever critical, control system loads which occur in the specific
flight or lending conditions should he combired with the primary "loads.
The combined stresses should be determined in. such cases.

STRESS ANALYSIS PFROCEDURE

l. Weight Distribution. All major items of weight affecting the fuselage
should be so distributed %o convenient panel points that the true center
of gravity of the fuselage and its contents is maintained. A suiteble ver-
ticel division of lomde should be included. The following rules should .
be followed in computing the panel point loads for conventxbnal gir-
planes

‘a. The weight of an item 1oca.’ced between two adjacent panel
points of the side trusses should be divided between those
pansl points in inverse proportion to the distence from
them to the center of gravity of the item.

b. 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 couple at the tail post or
front frame, as the case may be.

c. The weight of an item supported at three or more panel points
should be divided between those points by the aid of an in-
vestigation and ammlysis of the method of support, if prac-
tiocable. When a rational analysis is not possihle, the divi-
s1on.may be eatlmated.

de In all cases'the nmmmnt of the éartial paﬁél loads due %o any
- item about an origin near the nose of the fuselage should be
equal to the mnment of the item about that origin.

e All louds msy‘be'assumed to lie in the plane of symmetry and
to be divided equally betwaen ‘the two vartlcal trusses of the
fuselage.'

2. Balancing (Symmetrical Cunditions) lbﬁhods of balanclng the air-

plene are discussed in CAM 04,218. Tt will, in general, be satisfac-
tory to epply directly the balanclng loads found in the various flight
conditions. The scceleration factor applisd to'each item of mass in
the fuselsge will be the net soceleration factor as determined from the
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PROOF OF FUSELAGES AND ENGINE MOUNTS
GENERAL

l. In saddition to determining the loads in the mein structural members
of a fuselage, the local loads imposed by the internal weights which
“they support should not be overlocked. This applies particularly to
members which serve both as a critical portion of the primary structure
and 88 a means of support for some item of spprecisble weight., Also,
whenever critical, control system loads which oceur in the specific
flight or landing conditions should be combined with the primary "loads.
Tho combined stresses should be determined in such cases.

STRESS ANALYSIS PFROCEDURE

1. Weight Distribution., All major items of weight affecting the fuselage
showld be so distributed ‘o convenient penel points thet the trus center

of gravity of the fuselage and its comtents is mamintained. A suitable ver-
ticel division of loads should be ineluded. The following rules should

he followed in computing the panel point loads for oonventronal ‘air-
pla.ness

a. The walght of an item located. between two adjacent panel
' points of the side trusses should be divided between those
panel points in inverse proportion to the distance from
them to the center of gravity of the item.

b. 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 couple at the tail post or
front frame, as the case may- be.,

¢. The weight of an item supported at three or more panel points

' should be divided between those points by the aid of an in-
vestigation and analysis of the method of support, if preo=
ticable. When a rational a.mlysis is not possible, the divi=-
sion may be eatimated.

d. In all cases the mcmant of the partiml panel loads due ‘to any
"jtem about an origin near the nose of the fuselage should be
equal to the manent of the itenm about that origin. '

e. All loads may be assumed to lie in the plane of symmetry and
to be divided equally between the two vertical trusses of the
fuselage.

2. Balaizcmg (Symmetr'ic;ﬁl ":Céndiﬁidns).‘ liethods‘ of balancing the air-

: plane are discussed in CAM 04.218. Tt will, in general, be satisfac-

tory to apply directly the balancing loads found in the various flignt
conditions. The acceleration factor applied to each item of mass in
the fuselage will be tho net acgeleration factor as determined from the
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balancing camputations. The basic inertia force on any item will be
parallel to the resultant external applied force and will not, in gen-
eral, be perpendicular to the bthrust line. 'In certain cases the chord
- comporents of the inertia forves (i.s., the components along the thrush
line or fuselage centerline) can conveniently be combined into a single
force applied at the nose of the fuselage. This procedure permits the
-use of vertical inertis loads but it should not be used unless 1t is
cbviocusly conservative for the eritiecal fuselage members.

3. Balancing (Unsymmetrical Conditions)., In any condition involving
angular acceleration about a given axis, the inertis force applied to
the structure by any item of weight is proportional to the mass or weight
of the item and to its distance from the axis of rotation. Each angular
inertia force will act in & direction perpendicular to the radius line
between the item and the axis of rotetion. In order to facilitate the
analysis of a cordition involving both linear and angular acceleration,
the loeds produced by the linear acceleration should be determired sep-
arately from ‘those produced by anguler accelesrstion., When urbaslenced
external loads are applied this invelves the determination of the magni-
tude of the net resultant externsl load and its moment arm about the

proper axis through the CG of the airplane. It will usually be ac-
ceptable, in analyses of this nature, to represent the weights of
major items such as wing panels, nacelles, etec., by assumed con~
centrated masses at the centers of gravity of the respective items.
Fig. 30 illustrates approximate methods by which the fuselage ocan be
balanced for a typieal unsymmetricel landing condition {one-wheel
landing). ' '

a, Fig. 30a shows a level landing condition in which the re-
sultant loaed does not pass through the center of gravity.
In such a case it will generally be acceptable to apply a
balancing couple composed of a downward force acting nesar
the nose of the fuselage and an equal upwsrd force acting
at the same distance to the rear of the center of gravity.
These arbitrary forces can be considered as approximately
representing angular inertia forces and they may be divided
betweern the nearest panel points, if desired.

be Fig. 30b indicetes an acceptable method of balancing ex-
ternally applied rolling moments about thelongitudinal axis.
The forces resisting angular acceleration are assumed to be
applied by the wing. The arbitrary location shown is based
on the fact that the effectiveness of any item is proportional
to its distance from the center of gravity. The balancing
loads may be assumed to be vertical, although they actually
act normal to a radius line through the center of gravity of
the airplane. If nacelles or similar items of large weight
are attached to the wing, the balancing couples can be divid-
ed between nacelles and wing panels in proportion to their
effectiveness. This type of balancing applies alsc to side
landing conditions, including those for seaplanes.
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o. Fig. 30c shows an approximate method for balancing a mament
about a vertical axis., This condition exists in a one-wheel
landing. It is conservative (for the wing attachment members)
to assume that the balancing couple is supplied entirely by
the wing. Yhe magnitude of the unbalanced moment about a
vertical axis is, however, relatively small ir the design con-
ditions required in CAR 04. In order to secure ample rigid-
ity against loads tending to twist the wing irn its own plene,
it may sometimes appear advisable to checok the wing attachment
meubers or cabane for a greater umbalanced drag loed acting at
one wheel, or for a side load acting at the tail, .

d. It should be noted that the balancing couples shown on Fig.30
will act in addition to the inertia loads due to linear accel=
eration. PFor instance, in Fig, 30b the load V shown as a re-
action at the CG ectually represents the inertis loads of all
the components of the airplane. Those due %o the wing weight
will act uniformly on each wing panel and will be added arith-
metically to the forces represernting the angular inertia effeots.
This applies also to the other cases illustrated.

C SPECIAL AFWALYSTIS METHODS

1. Torsion in truss-type fuselages. In armlyzing conventional
truss-type fuselages for vertical tail surface loads it will be
found convenient to make.simplifying assumptions as to internal
load distribution. The following methods may be used for this
purpose, the first method being more comservative than the seconds

e. The entire side load and torque may be assumed to be re-
sisted only by the top and bottom trusses of the fuselsge.
The distribubtion to the trusses can be cbtained by taking
maments about one of the truss centerlines at the tail post.

b. Por the structure aft of the rearmost bulkhead the %ail load
may be represented by a side load acting at the center of the
tail post and & coupls equel to this lcad times its vertical
distanve from the center of pressure of the vertical tail.
The side load may be assumed to be divided equally betwsen
top and bottom trusses. For the struoture forwerd of the
rearmost bulkhead the tail load may be represented by a side

- load moting at the center of the tail post and a torque act-
ing at the rearmost bulkhead equal to the tail load times
the vertical distance from the center of pressure of the ver-
tieal tail to the ceater of this bulkhead. This side load
may be assumed to be divided equally between top and bottom

trusses. The assumption may be made that the torque (not the
forces composing the equivalent couple) is divided equally
between the horizontal and vertieal trusses. The couples
acting on the bulkhead and resisted by the top, bottom, and
side trusses can then be readily obtained. Stress diagrams
should be drawn for the trusses to.obtain the loads in the
meubers, The longeron loads should be taken from the diagrams

. for the horizontal trusses or vertical trusses, or taken as
the cambined loads from both trusses, whichever are largest.
(This arbitrary practice is advisable on sccount of the un- -
certainty of the load distribution between trusses)
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The diagonals‘of the rearmost bulkheads, i.e., the bulkheads
through which the torque is transmitted to the wing, and of
all bulkhesds adjacent to an urbraced bay, should be designed
to trensmit the total torque. Intermediate bulkheads should
be desizned to transmit 25 percent of the total torquse.

In some cases the loads obtained in the bottam truss members
may be quite small. In such cases it should be noted that it
is desirable to maintein a high degree of torsionsl rigidity
in the fuselage and that the rigidity of the top truss will
be completely utilized in this respect only when the bottan
truss is equally rigid. ' '

2. Engine Torque. In investigating the conditions involving engine
torque, the following points apply:

B

b.

Cae

de

The basic torque may be computed by the following formula:

63,000 B/N, where

torque ir irch pounds,

horsepower of engine,

N = propeller speed in revclutions per minute.

s
o

. The resulting momernt is taken care of by an unsymmetrical

distribution of load between ths wings and by forees in the
fuselage erocss bracing. In certain cases, especially when
geared engines are used, the stresses due toc the torque
should be computed for all fuselage members affected, the
necessary reactions being assumed at the commections of the
wings with the fuselage. Otherwise the following approx-
imation may be used for nose engines., The torgue load is
assumed to act down on the engine bearer and to be held in
equilibrium by vertical forces acting at the main connec-
tions of the wings with the fuselage, the engine bearer and
the members of the fuselage side truss being assumed Yo lie
in a single plane parallel to the plane of symmetry.

When a direct-drive engine is carried by engine besrers that
are supported at two or more points, the torque load should
be divided bebtwsen the points of support in the same propor-
tions as the weights earried by the engine bearer. When an
engine is supported by a vertical plate or ring, the torque
can correctly be assumed to act at the points of attachment.
(The dead weight of the engine, however, should be assumed
to act at the center of gravity of the engine)

In cambining the torque condition with any other loading con-
dition, for a symmetrical structure, the stresses due to
torque are to be added erithmetically, not algebraically, to
those obtained for the symmetrical loading condition, because
if the forces induced by the torque load in any member are
opposite in charsacter to those due to the dead weights there
will normally be a corresponding member on the opposite side
of the fuselage in which the forces due tb the torque loads
and weights will be of the same character.
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e. In analyzing an engine mount structure, care should be taken
to distribute the torque only to theose members whioh are able
to supply a resisting couple. For example, in certain strue-
tures having three points of support for the engine ring, it
may be necessary to divide the entire engins torgque into a
single couple, applied at only two of the supporting points.

ANATYSIS OF STRESSED-SKIR FUSELAGES

l. The strength of skin~stressed fuselages is affected by a large
muber of factors, mogt of which are difficult to account for in s
stress apalysis. The following are of speciai importence:

8. Effscts of doors, windows, and similar cut—outs.

b. Behavior of metal covering in compression &s a shear
web, including the effects of wrinkling.

¢. Strength of curved sheet and stiffener combinatiors,
including fixity conditions and curvature in two di-
mensions.

d. True location of neutral axis and stress dlstrlbution.

o. Applied and allowable loads for rings and bulkheads.

2. TUnless a fuselage of this nature conforms closely to a previously
constructed type, the strength of which has been determined by test,

a stress analysis is not considered as a sufficiently accurate mesns

of determining its strength. In all cases, the stress amalysis should
be supplemented by pertinent test data. Whenever possible it is de-
sirable to test the entire fuselage for bending and torsion, but tests
of certein component parts mmy be mcceplable in conjunetion with a
stress analysis. As this subject is now being investigated by the KACA.
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the stress analysis or test methods are decided upon.

PROOF OF FIITINGE AND PARTS
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foreces which act on it in the various design conditions. This procedure
will reduce the chances of overlooking some cumbination of loads whieh
are critieal. \

s]

b = Ty

o

2. The additional ultimate factor of safety of 1.20 for fittings

{CAR Table 04-7) is to mccount for various factors such as strees con-
centration, eccentricity, uneven load distribution, and similar features
which tend to increase the probability of failure of a fitting. As
noted in the Table, this factor may be covered by several other factors
50 that when the ultimate factor of safety for any portion of the struc-
ture equals or exceeds 1.8C the fittings included in this portion are -
not subject to an ineremse in factor above the value used for the primary
members .
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MATERTALS AND WORKMANSHIP

1. Materials and processes confarming to the specifications of the
Army, Bavy, S.A.E. or other responsible agencies are satisfactory.
Tt is important that minimum specification values of strength prop-.
erties given in ANC~5 be used rather than ™typical™ or "average"
values.

2. Tolerances should be closely held in order that the assumed or
tested structure is accurately reproduced. Metal sheet and tubing
gages usually oonform %o well established specifications., Tolerances
on machined parts are based on gensral practice and will vary fram
about + ,015 inch to valuss necessary tosseure interchangeability of
mating parts. Tolerances on sheared and nibbled parts are usually

+ 1/32 inch. Minus tolerances on section dimensions of wood struo-
tural menbers such as spars should not exoceed 1/64 inch in the fully
seagonad condition unless Justified by check of margins. Plus toler-
ances are limited by assembly considerations. ' ,

3. Long assemblies such as spars with a large number of rivets will
Yerow® slightly as the riveting progresses. End fittings should
therefore be jig installed as a last operation. A similar procedure
is followed with welded assemblies. Healt treating of long welded
structures results in shrinkage and in extreme cases allowances for
this must be made.
"4, In regard to wood construction, Sitka spruce has been the
most extensively used species in the fabrication of primary struc--
turel members due to its high strength-weight retio, its excellent
over-all handling qualities and its uniformity in texture and pro-
perties. Several other species, however, are also suiteble for
such use and may be substituted for spruce, in some cases directly
and in other cases, with only minor design revisions. It is as-~
sumed that spruce will, in general, be used as a basis for desipn,
hence Fizure 30A (on the reverse side of this sheet) has been set
up using spruce as a standard material. Figure 30A includes com-
perative information on strength properties, various limiting
factors on the selection of wood of msircraft quality, remarks on
the characteristics of each wood listed and general notes on wood
defects. This table will be revised or expanded as the need arises."

GLUING

1. High grade casein, animal, and synthetioc resin glues are sabtis-
factory. Details of composition snd methods are given in Appendix IV
herein. It should be noted that condition of the surface, moisture
content of the wood, gluing pressure, and protective coatings as well
as other factors play an importent part in the making of acceptable

‘Joints.
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TORCE WELDING

1. Acceptable praotices and further references ere discussed in Ap~
pendix IV herein. .

EIECTRIC WEIDING

i. When are welding is used the i::t'ormtion needed for approval may
be met by specifications or reparts covering the following:

a. The type of equipment %o be used and the propoaed socpe of
epplication of the process.

b. The proposed minimum requirements esteblished for welders,
covering qualifying tests, experience, etec., Reference to
Alr Corps Specification 20013-A ™Welding Procedure for
Certification of Welders™ if this specification is used, is
sufficlent in this comnection.

o. General procedure covering polarity, arc length, alloweble
voltage wvariation, electrode type and material, and ident-
ification of each welder’s work.

d. Detall procedure for each combination of metals covering
slize and material of electrode, amperage and voltage for
various gages of material. '

e. The method of control ineluding test and inspection preocedure,
etc. . In this comeotion, sketches of the proposed standard
test samples, & sample test report sheet, and a statement
concerning the frequency of sample tests, should be submitted.
Use of the Specification noted in b mbove is considered suf-
ficlent in this comnecticn.

f. Drawings of parts to be welded.

2, Then spot and/ or geam melding are employed the information required
for approval is similar to that required for the approval of arc welding,
exoept that greater importance is attached to the equipment control means
and the deteil design of the pertinent joint than to the requiremsnts for
welders.

3. Wher the experience of a mufac'turer and the reliability of the prod-
uct has been demonstrated by him to be satisfactory, a blanket approval

may be granted for his use of the proocess, i.e., he need not cbtain ap~

proval of each subsequent apeoifio application.

o4=~2
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PROTECTION

l. Paints, varnish, plating and other coatings should be adequate for
the most severe service expected. Information on the suvbjest of protec-
tion is availsble fram paint and varnish manufacturers as well as fram
metal and alloy producers. Reference may also be made to Appendix IV
herein. Expensive changes dictated by service experience willhe avolded
if the question of protection is considered in the initial desigr stages.
In addition to surface protection it is essential that moisture-trapping
pockets and closed non-ventilated compartments be svoided. This is par-
tioularly true with light alloy and plywood s'bruc'lnn'es. Drain holes
should be provided at low points.

2. Two methods of specifying protective coatings are in general use, In
one the various operations or code symbols therefor are listed on the '
‘pertinent detsil or assemb 1y while in the other method a specifioation
listing the operation and the mmbers or eiasses of the parts to be

sc treated is prepsred. The lmtbter is more flexible when various
agencies are being deslt with. Data submitted to the Administrator need
cover only the minimum protection to be employed.

INSPFECTION :
1. Points most frequently in need of inspection are main fittinga, control

linkeges, cables at pulleys end at fairleads and all moving perts end
locations where wear is likely to occcur or where lubrication is required..
This includes all points where bolts or pins are installed as bearing
surfaces which are subject te any movement and wear., Satisfactory Inspection
end servicing of these and other points csn only be carried out if the size
and location of inspection opemings are such as to give adequate accessibility.
Particuler attention should be given to providing openings making it possible
to inspect for rust or corrosion where dust, send or moisture is likely to
scocumilate. Careful atiemntion should be given to the tail section.of the
fuselage in this regard. :
JOIKIS, FITTINGS AND CONNECTING PARTS

l. These parts continue to be the most oritical structural elements.

" No specific rules can be laid down but some of the more important con-

siderations follow. The type of fitting is mainly dependent on the
magnitude of the loads involwed and the nature of the parts being con~
nected. The material should be chosen after consideration of suoh
factors as corrosion, fatigue, bulk, weight and production ease. It
should be possible to inspect, service and replace sach vital fitting.
Points scometimes over-looked in the detail design of fittings inoludes

8. £Gtress concentration, either from section changes or from
welding or heat treating effects.

bo Adequate allowance for flexibility of parta being Joinad.

c. Specifying proper surface condition, i,e.,a rough turning
Job on a highly sfressed part lnvites crsoking and failure.

2. In the design of fittings at the end of wood spars there is a
tendency to orowd bolts too close to the spar emd in order to seoure a
more compact fitting. This sometimes results in a shear failure of the _
wood along the grain, even though the design load in the tension direo-
tion is samll. To reduce the possibility of such failures bolt spasings
and end margins should be in accordance with Fig, 2-4 of ANC-5.

o4=3
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. In using extruded sections it should be borne in mind that the nature

of the extruding operation produces in effest a longitudinal grain struc-
ture. Fittings therefore should be designed to avoid oeritioal Roross-grain®
loading. - -

4. Fitting drawings should include tolerances for dimsnsionﬁ of oritieal

Bections, such as lugs, in order to maintain the required strength proper-
ties. o :

5. Same examples and discussion of good and bad fitting practice are given
in Appandix: IV herein. : '

Fig. 31 SUGEESTED CASTING FRACTICE
Rot, CAM 04,3023

ALLOY HINDETH MINDMOM MAZTMOM

FILIET secTIont®) RATIC OF rEmags 1) (2)
romws (8 (Webe,oto,) |  ADIACERT(,
SECTIONS
LLIHTNDH - Used where strength is not primary oomsiderss
Xlcoa 12, 43, 1/8" 1/8" tien. Alooa 12 (SAE No.33) should not be used
etc,, and Inhere subjeot to shook or Impast, due to its
equivalent 1ow elopgation (2%). Aloos 43 (SAE Ho,.35) and
' 358 alloys which have high silicon comtent are
ugsd where lesk-proof or complicated cestings
are required. .

ALTMINUM - . Most alumivum alioy structural castings are wade
(Eigh#3trength) 5/16 5/52 = 3/16" 351 of the 196 or equivalenmt material. The 220 alley
Aleoe 195,220 {(1/8" if structurslly] 15 saperior for shook and impact loading but

oto., and updmportent) castings should be simple duwe %o the difficulty
equivelent .

in mecuring setlafactory complex oastings.
Tied brass such as SAE He. 40 or Federal Specifi]

BRASS, 178" 1/8" . oatlpn QO-B=651, grede 2,ix used in fuel and oill
BRONZE . line fittings. Fhosphor Bronge (SAE No.64 snd |
' Ho.66 or Federsl Specificetion QQ-B=591 grade 5}
4s used for antiefriction lnstailations such as
ishiings, muts, gesss ard worm whedls. Mangenesel
and alumlnum bronzes (SAE No.45 and No.68 or
Federal SpecificatiomsQQe=B~726 and (RQmB=E91 ) are

need where marimun strength and hardness are

dosgirad.

MAGHESTOM 1/ 5/52‘I Not recommanded for use at elsveted temperstured
(BC% groater tham (1imit spproximately 400°F) or in exposed loce~
alumirmm preferred) tions on seaplsnes. Particuler ¢are should be

obgserved in protecting against corresion and
olectrolytlo sction,
STRE. 1/ /2 52 Used primarily fbr hesvily losded parts each as
(1/2" preferred) in lending gesr of largs siréreft. Alloys used

* |include ohromesmolybdemum, nickel and manganesod
When using high ultimate tensileeatrengths the
affost of the corresponding low elongestion
should be consldered.

(1) Por allowable etresses soe ANCwD WStrength of Adroraft Eloments".

(2) For additionel factor of safety aee CAR 04, Tsble 04-7, When .
uging this feotor the 50% etress reduction noted in ANC&S may be disregerded.

(3) Lerger vslues should be used where possible. .

(4) Eighly dependent on other factora.

FIG. 3| SUGGESTED CASTING PRACTICE

4-4
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4020 BOLTS, PINS AND SCREWS

1. Approved locking devices include cotter pins, safety wire, peening,
and, with certain restrictions, Elastic Stop nuts and Dardelet Threaded
parts. -

2o Restrictions on the use of Elastic Stop Nuts are as follows:

"~ Be Iwo types of nuts, i.e. (1) fiber insert and (2) metallic
insert (Hytemp), are approved subject to the following
generel restrictions:

(1) They should be made to conform to Army or Navy mabterisal
specifications.

(2) They should not be used at joints which subject the
belt or mut to rotation

(3) Bolts mst be of such length that completely formed
thread extends through the nut.

(4) They should be called out on the pertinent drawings
submitted to the Administrator. _

(5) Muts of the fiber insert type should not be used
where subject to temperatures in excess of 250°F.

(6) Muts of the metallic type (Hybemp) should rot be

. used for primary structursl commections in the
following specific applicetions:

(a) They should not be used to attach w1ng panels,
fins end stebilizers.

(b) They should not be used in the control systen,
ineluding surfaces, hinges and bracket attach-
ments thereof.

(c) They should not be used to attach exhaust meni-
folds end similar items where the tempersature
mey exceed B800°F,

3. Restrictions on fhe use of Dardelet Threaded parts follow:

s+ The parts must be manufactured by a licensee of Dardelet
Threadlock Corporation under the terms of its license
agreemsent, (Note this covers manufacturlng considerations
peculiar to this design.)

b. They should be made to conform to Army or Navy material
specifications.

c. They should not be used at joints which subject the bolt
or nut to rotation.

d. Bolts must be of such length that completely formsd thread
extends through the nut.

e. They should be called ocut on the pertlnent drawings sub-

mitted to.the Administration.

. ed=b



4.4023
4,403

<4023

«403

CIVIL AERONAUTICS MANUAL

CASTINGS

1, Castings should be obtained fram s relimble source with experience

on similar type castings. Such castings should incorporate generous
fillet radii, emple draft, and gradusl changes of section. Sound castings
can only be secured by proper consideration of and allowance for the flow
of molten metal in the mold. Casting drawings should be "load marked",
i.e.s the direction and spproximste magnitude of the design loads should
be shown. It is then possible for the foundry to cast the dernsest and
soundest metal at the critical sections. Finished surfaces should end

in radii at inside corners %o prevent stress concentration. Same of the
more important design and drafting consideratioms are given in Fig.31.

It should be emphasized that these are not given as reguirements but
merely as wvalues and points found acceptable in genmeral practice. Refer-
ence should be made to trade literature of the various metal and alloy
producers for additional information.

2. As with other aircraft parts, the acceptance of castings for
primary structure is predicated upon thorough and adequate inspection,
It is customary to test and section or to X-ray the first castings of
a new part in order to be certain of good design and satisfactory
foundry fechnique. Production runs may be inspected visually in con-
Junction with ocoasional tests for verification. Hardness testing of
the casting and physicaltests of test coupons cast with the part are
also used. Steel castings with smooth surfaces may be inspected by
magnafluxing. X-raying provides an excellent means of thoroughly in-
specting castings if the results are properly interpreted, i.0., by
an expert.

~TIE RODS AND WIRES

‘le When unswaged threaded-end tie rods are used, particular attention
must be paid to the end connections to insure proper aligrment. The
wires should be so carried through sleeves or fittings that eny bending

is limited to the unthreaded portion of the rod. Where this is not

done, even small bending stresses may soon cause fabtigue failure at the
thread roots., High margins should be incorporated since practically all
working from tension loads,with attendant stress concentration, will occur
in the threaded portion. Swaged tie rods are considered much more satis-
factory and may be no more costly in quantities. A satisfactory locking
means should be used. Check nuts have been found acceptable for this pur~

pese, when employed on terminels not sub;ectad to appreclable vibration.

od=~6
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FLUI'TER PREVINTION MEASURES

. GENERAL

1. Flutter is a violent self-induced vibration of a body re-
sulting from a coupling of aerodynzmic, elastic and inertia
forces acting upon the body. For detailed information on
flutter theory and its application, reference should be made
to one or more of the following:

Theodoresen and Garrick - "Mechanism of Flutter" NACA TR 685
Kassner-Fingado - "The Two Dimensional Problem of Wing Vibration®
Translation - Journal Royal Aero Society,

October 1837

Kissner -~ "Status of Wing Flutter® :
Translation — NACA T™ 78, Jamary 1936

Lombard - "Conditions For The Occurrence of Flutter®
California Institute of Technology Thesis (1939)

Reference to other work will be fourd in the bibliographies con-
tained in the above. The study of flutter is passing through a
period of rapid development and it appears that a better and
more accurate understanding of the inter-relation of rigidity,
mass properties and frequencies and their effect upon flutier
will soon emerge. : ‘

2+ Tlutter theory is in gemeral based upon true velocity and
sea level atmospheric conditions.  For this as well as other
reascns an ample margin, particulady on high performance air-
craft, should be maintained between the computed flutter speed
and the actual dive speed attained in testing. The trend of -
critical flutter speed with altitude may be expressed thus:

- SPEED OF SOUND
"-...___\
-

—

TRUE T —

INDIGATED

30,000

° ALTITUDE

but values for specific cases will be dependent upon wing
weight and other factors.
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5. TFor wings, the use of the fundamental theory of Theodorsen
has been simplified for certain cases by the work of Bergen

and Arnold (given at the Institute of the Aeronautical Sciences
meeting at Los Angeles in June 1940) who treat the special case
of wing bending-aileron by a graphical method, and Wylie (un-
published), In addition, for civil aircraft, conventional size
and performance, the use of a suitable wing torsional rigidity
criterion, together with proper observance of other measures,
provides adequate insurance against flutter. .

4. For control surfaces, recemt unpulil ished Air Corps studies
(Dent and Smilg) imdicate that a relationship:

~ FLUTTER

]

where Vg = Flutter Speed

‘_ Ly

NO FLUTTER ¥/

F = Freq. Pixed Surface

= Area Mov, Surface

Balance Coefficient

3 :
K /I ?f .e{w'able Surface
holds considerable promise, and they have tentatively estab-
lished 2 number of check points on the curve. The basic
‘similarity of the above curve to the usual Kissner formula of:
Vo = £G,
K :
where F = Critical Freguency
C = Wing Chord L '
K = Rednced Frequency Coefficient (Dependent on
particular characteristics of the airplane)

is apparent, since both show an increase in fluntter speed with
an inerease in frequency or size of the airplane, other factors
reraining constant {(btoth C and yA being dimensionally length

units). - '
5. By replotting the Air Corps data on the scales used in Fig.

32A, the following is obtained:

/—-VALUES OF FYA

3000 ETG.

2000
1000

48
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If the results of further study and experience warrant, suitable
modifications to the K/I - Vg relation shown on F:.gures 324 and
3B will be made,’

6. In general, the various limiting values given hereafier to
rigidity, mass balance and frequency ratio, and the practices:

on detail design should be closely observed., As indicated -

above, however, rapid progress is being made toward a better
understanding of the problem, and for new airecraft, therefore,

it is recommended that an outline of thé proposed flutter pre-
vention measures be submitbted to the Administration for examlnatlon
and comment as.early in the development as possible. The

Flutter Control Data Form No. ACA~719 (Teble Vb) used in the final
- vivration testing was evolved for the dual purpose of simplify-
ing submittal of data and of facilitating study by the National
Advisory Committee for Aeranmautics and other interesied govamn-
ment agencies through a more rapid collection of information.

RIGIDITY

1. This factor is of first importance, since coupling (and con-
sequently flutter) can only occur through deflection. However,
increases in aircraft size, a trend toward thimmer airfoils,
prevalence of discontinuities and cutouts, and weight limitations
make necessary the establishment of minimum acceptable rigidities.
Rigidity may be represented in térms of fremencies, and often

is in flutter theory. : o

2. Wings. The torsional rigidity of wings is highly 1mportant..
This should be investigated by means of a wing torsion test
(CAM 04.51E) unless other adequate data are submitted, Figure
32, & development of en earlier curve of the seme

murber, brt based upon considerably more information including
certain Navy data, indicates values of Cpp which lave been
found satisfactory for conventional designs. If the test is
conducted on a fabric covered wing with taut fabric, an allow-
ance of approximtely 103 (dependent somewhat on the size of the
wing) should be made for the effect of fabric aging. Since the
actual torsional deflection of the wing will depend upon the
noment coefficient of the airfoil employed, it is advisable to
introduce the additional criterion that the meximum torsional
deflection under the 1imt, load eritical for torsion not exceed
3%, -

od=9
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MASS BALANGING

1. For methods of comput::.ng static a.n:l dynamic bala.nce values
see CAM 04.424, (The weight and static hinge momenb, or c.g.
location, of finished movable surfaces should be checked to
insure that the computed values are not unmconservative,) See
paragraph T DETATL. DESIGN below, for notes on the installation
of balance weights, Note that the specified dynamic balance
coefficient values may in some cases be influenced by the fre-
quency ratio (see Fig. 32C). '

2+ Compliance with the following dymamic balance coefficients
and static balance conditions should be shown urless other
equally effective steps to prevent control surfa.ce flutter are
“shown to have been taken: .

a. Ailerong. ‘When Vg is in excess of 150 mph the dynamic
balance coefficient as computed about the ajleron hinge
axis and the longitudinal axis of the airplane should
not be greater than the following value

K/TI = 1.6 (3 - Vg/100)  (See Fig, 324)

except that it need not be less than zero. Ailerons on
internally braced wings, or on airplanes with Vg in
excess of 200 mph should be completely statically
balanced about their hinge line when in the neutral
position. OSpecial consideration will be given to lesser
static and dynamic balance when the aileron control
system is substantially irreversible.

b. Rudders. When Vg is in excess of 150 mph, the dynamic
balance coefficient of the rudder(s), as computed about
the rudder hinge axis and the axis of tarsional vibra-
tion of the fusclage, should not be greater than the
value given in paragraph a. above, except that it need
not be less than zero., When rudders are not in the
plane of symmetry they should be completely statically
balanced (zero unbalance).

« ¢, Elevators., When Vg is in excess of 150 mph, the dymamic
balance coefficient of each separate elevator (for each
half of a contimuous elevator), as computed about the
elevator hinge axis and the centerline of the intersec-
tion of the stabilizer and the plane of symmetry, should
not be greater than the following value -

K/T = 3.0 - Vg/250 (See Fig. 32B)

When the rudder(s) has (have) complete dynamic balance -
about a conservatively chosen axis, a special ruling may

od=ll
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_ be obtained from the Adminmistration regarding the elevator
dynamic balance if the coefficient is greater than
above specified, This ruling will be dependent on the

- general design of the entire tail unit.

d. Tabs, Trim and balancing tabs should be statically
balanced about their hinge axes urlless an irreversible
non-flexible tab control system is used. The balancing

" of control tabs will depend on the particular instella-~
tion involved and special rulings should be obitained
from the Administration in such cases.

FREQUENCY -RATIO

1, In accordance with gemeral practice, in this discussion
‘frequency ratio is defined as the frequency of the movahle sur-
face divided by the frequency of the fixed surface (or other
element to which the movalile surface is attached), and for a
single airfoil as the frequency in bending divided by the
frequency in torsion, thus:

F movable surface , and
F fixed surface ‘

F bending
F torsion

Tests conducted by the Air Corps with flutter models have
indicated that, when the frequeney ratio involving a movable
surface is greater than 1,0 the possibility of flutter in this
mode ig much reduced as compared with frequency ratios less
than 1.0, A study of previous vibration test data and the
‘service records of the aircraft tested, together with Air
Corps test data, have indicated the desirakility of using the
frequency ratio as an additional limitation on the curves of
the dynamic balance coefficient (X¥/I) versus design gliding
speed {Vg), as shown in Fig, 324 for the aileron and rudder and
in Fig. 3B for the elevator.

Re This limitation is expressed as a curve in Fig. 32C. The
shaded portion marked "Approval dependent upon special con~
siderations” is considered an undesirable range and approval

is subject to comsideration of the modes involved, actual

values of frequencies, speed of the aircraft, value of K/1,

ete, For this reason it is advantageous to submit to the Admin- .
istration as early as possible in the development of 2 new

model an outline of the proposed flutter prevenblon measures.,

301230 0—41——10
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Balance Weight and Arm Assembly
Surface mode (see below)

Note: The ecritical balance weight and armm frequency
will usually be bending in a plane normal to the
hinge line of the surface. The surface mode would
be the one likely to coauple with the above-—such as
movable surface {sym.). It is desirable to have the
above frequency ratio substantizlly greater than 1,.0.

- However, the balance weight arm bending frequency

sheuld also be checked in a plane parallel to the
hinge line of the surface. This may.be critical for
the elevator balance weight in a fusela.ge side bend-
ing mode, ete.

The following special cases should also be considered for large

aireraft:

Qs
P
Je

R

Aileron {Unsym
Wing Bending (Unsym)

Aileron (Unsym)

Wing Torsion (Unsym)
Yi:.t_r_lg_B@_@l_nz.%Uﬁmg
Wing Torsion (Unsym

Rudder (Torsion)
Fin Recking about Stabilizer Attachments

Note: This would apply to ocutboard vertical surfaces
disposed both atove and below the stabilizer and is
somewhat analogous to an elevator wmsymmetrical—
fuselage torsion case,

Stabilizer Torsion
Fuselage Torsion

% Only for rudders not in the plane of symmetry.

In generzl the natural frequency of a tab having an irreversible
control mechanism should not be less than 1500 c.p.m. In the
case of a servo tab with a frequency ratio less than 1,2, com-
pleté dynamic balance should be hadj 1.e., K/I = 0.

DETAIL DESIGN

1, Service troubles and accident records reveal that particular
attention should be paid to items such as the following:

del6
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a. The trailing edges of movable surfaces should be rugged
to reduce the possibility of additional weight being
added during field repairs with an adverse effect on
the mass balance characteristics.

b. Tab mechanisms should be simple and rugged to avoid

improper assembly, or the possibility of play develop-

ing due, for example, to open end (i.e., magneto type)
ball thrust bearings being inserted backwards.

Ce Provide adequate "carry through" structure to insure
rigidity.

Re A rigged aileron hinge bracket is of little merit unless the
rear spar to wihich it attaches is well restrained against
"rolling". Likewise rugged cabane members with good angular
relations will fail to restrain the wing cellule if anchored
into eccentric apex joints.

3. The intercomnection between elevators should be rigid and
rugged, -in order to maintain a satisfactory margin of safety
against an elevator unsymmetrical (torsion) mode of vibration.
Butt welded joints should preferably be reinforced with gussets.

4, The general principles of flutter prevention should be ob-
gserved on all airplanes. This applies particularly to the design
and installation of control surfaces and control systems and
“incdludes such desirable features as structural stiffness, re-
duction of play in hinges and control system joints, rigid
interconnections between ailerons and between elevaltors, com-
plete static and dynamic balance of comirol surfaces and high
damping, For fixed surfaces, such as wings, stabilizers, and
fins, it is desirable to keep the center of gravity 1oca'b10n
of the surface as far forward as possible, Features tending to
create aerodynamic disturbances, such as sharp leading edges on
movable surfaces, should be avoided, These principles apply
also to wing ﬂaps and particularly to comtrol surface tabs
which are relatively powerful, and correspordingly more danger-
ous if not properly designed., In the design of control surfaces,
dynamic balance shonld be achieved, as far as practicable, by
distributing the structural mterizl in such a way (element by
element, sparwise) that a uniform condition of static balance
will result without adding large amounts of lead., If possible,
the use of large concentrated weights should be avoided, since
fatigue failures may result in the supporting arms and attach-
ments, When concentrated weights are used to achieve the
required degree of dynamic and static balance, it is a good
rule tlat the number of weights used be at least equal %o the
mumber of hinges, The attachment of each weight should be
sufficiently strong and rigid that its fregueney is above that
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of the surfece proper. Where weights are riveted into the leading
edge of & surface no difficulty should be encountered on this point,
but 1f en erm 1s used to support the mass, a design factor seversl
times the Condition I load factor mey be necessary for the arm and
its ettechment to the furface.

b. It should be reallized thet vearious forms of flutter are possible
 and that there ususlly exists for each type-of flutter a critical

speed at which it will begin. Thig ecritical speed will be raiged

by en improvement in the antiflutter characteristies of the particular

portion of the airplane involved and may even be eliminated emiirely

in some cases.

04.41 Detail Design of Wings.

1. The general considerations of good detall design, which have been
previously covered, are of partiailar importance in comnection
with wing structures since these structures are involved in
carrylng some of the heaviest loadings present in the airplane
structure. Fittings and joints in wings often represent some
of the most critical design problems and they must be carefully
proportioned so that they can pick up loads in a gradual and
progressive manner and redistribute those loads to other portions
of the structure in a similar manner. This requires that special
attention be paid to minimizing stress concentrations by avoiding
too rapid changes in cross sections, and to providing ample

a‘ material to handle stress concentrations and shock loadings
= Brj > which cannot be avoided. _
PHEAq
EE 12, The above principles are of special importance in connection
wE E.c? with wing carry-through structures which serve to carry land-
9—-% = ing loads to the fuselage. In such cases allowance should
E:"EE be made for the fact that landing loads are of the impact type.
Zad s This necessitates the provision of adequate bearing areas for
EE“ o all attachmente which carry such loads into the basic strue-
E °C ture. Recommendations in this connection are given in ANC-5,
- ¥ g9 Tables 4-% and 4-3, and in ANGC-5 - 5,.8501. ,
[N ol . .
B gg"s. In addition to. the problem of locally introducing these loads
2 into the structure, provision must be made for distributing

these loads throughout the structure. Bulkheads for this purpose
in stressed-skin wings must have ample rigidity and an allowance
must be made for the fact that it requires some distance before
these loads are completely distributed into the structure in

a mamer approaching that indicated by simple beam theory.

o4=18
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"4, The above recommendations apply Wl th equal weight when a land-

ing gear is attached directly to a wooden spar. In some respects
taey apply even more since experience has shomn that wood is

much more subject to stress concentration effects than has been
appreciated in the past. Due allowance should be made for
stress concentrations due to holes thrugh the spar, and when
such holes plerce both the spar cap strip and filler block (when
guch are used) the filler block should extend a sufficient dis-
tance away from this part so that it has an ample opportunity

to distribute the loads. In.addition, filler blocks

should be generously tapered in order to avoid rapid
changes in the effective cross-section of the spar.
In general, it is good practice to distribute the
landing loads into wooden spars by mesns of = mum-~
ber of small bolts than by a few large bolts. Vhen
it is difficult to obtain an adequate attachment of
the gear to the spar by means of bolts alome (i.e.,
when the bolt area reqguired would cut-out too much
of the spar), it is adviseble to incorporate a hardwood
block under the spar to assist in distributing the
landing zear load." o

WIN: BEAM JOINTS

1. Seo CAM 04.402.

.415 FABRIC COVERING

REVISION SHEET NO. 1

CIVIL AERONAUTICS MANUAL
04 - ATRPLANE AT RWORTHINESS

(Bdition of February 1, 1941)

A. COTTON FABRIC, REINFORCING TAPE, SURFACE TAPE AND LACING CORD

1. CAA grade A fabric., Cotton fabric used on aircraft with

wing losdings of 11 1bs. per 8q. ft. or over, or design gliding speeds
of 240 m.p.,h. or over (See Fig, 32D) should conform with or exceed -
the following specification. (Note: AN-CCO-C~399-1 exceeds this spec.)

a. The ¢loth should be mde from single ply or 2-ply,
combed cotton yarn and should be of plain weave.
The yarn should be mercerized under tension or the
cloth should be piece mercerized or similarly
processed to remove the wax coating from the cotton
fibers for the purpose of increasing the dope
abgsorptive capacity of the material.

b, The selvage edges should be flat woven with no
greater tension than the body of the cloth.

¢. Finighing should consist of washing, framing
and calendering. The calendering should be
sufficlent to lay any nap present and to pro-
vide a smooth even surface,

d. The cloth should not contain over 2.5 percent
8izing, finishing and other non-fibrous materials
gnd should be chemically neutrel.

' Revision tc page .4-18B
(page a)



CIVIL AFRONAUTICS MANUAL
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(Edition of February 1, 1941) .

e. The number of threads per inch should be between
80 and 84 in both warp and filling,

f. The breasking strength should not be less than 80
lbs. per inch in both warp and filling as determined
by the strip method of testing., This method is
outlined in Federal Specification No. CCC-T-19la
and consists briefly of the following:

(1) 5 warp and 5 filling specimens at least 6
: inches long and 1.25 inches wide taken
from at least one-~tenth of the width of
the material away from the selvage should
be prepared for test by raveling to one
inch in width, taking from each side
approximately the same number of threads.

(2) The specimen should be placed in the test-
ing machine with the jaws & inches apart at
_the start of the test.

REVISION SHEET NO. 2

(3) The breaking strength is the average of the
‘results obtained by breaking 5 specimens.
If a specimen slips in the jaws, breaks
in the Jaws, breaks at the edges of the
jaws, or breaks prematurely for any other
reason attributable to faulty operstion,
the result may be disregarded, another
specimen taken, and the result of this
break included in tlie average.

g. The elongation should not be greater than 15 percent
‘in the warp and 11 percent in the filling under 70 lbs.
tension load during the strip test., The percentage
should be based on the average of the five specimens.

h. Fabrics meeting the above limitations may vary
‘ considerably in doping characteristics. Therefore,
the airplane manufacturer should demonstrate that
his doping equipment smd production procedure and
technique will result in adequate dope penetration
and adhesion in the case of the particular type of
fabric he employs. :

2. CAA lightweight fabric. Cotton fabric used on aircraft
with wing loadings up to and including 8 lbs. per sq. ft., or
design gliding speeds up to and including 150 m.p.h. (see Fig. 32D)
and having ridb spacings in accordance with Figure 33 should conform.
with or exceed the following epecification.

" Same as la.

Revision to page .4~18
(page b)
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(Edition of February 1, 1941)
- REVISION SHEET NO. 3 -

b, Same as 1b.
¢. Same as lc.

" d. Same as 1d. A de-gizing operation may be necessary
to reduce the sizing content to the 2.5 percent
value specified.

e. The number of threads per inch should not exceed
110 in both warp and filling.

f. The bresking strength should not be less than 50
1bs. per inch in both warp and filling as determined
by the strip method of testing. This test method
id described in 1f sbove. '

g. The elongation should not te greater than 13 percent
in the warp and 11 percent in the filling under 44 1ba.
tension load during the strip test. The percentage
should be based on the average of the five specimens.

h, Same ag 1h.

Note: TFabric for aircraft having wing loadings and speeds
substantially lower than noted above or fabric that does
‘not meet the above specification in all respects but has
been proven by extensive satisfactory service experience
to be suitable for aircraft use will be subject to special
consideration. 1In no case, however, shouJ.d the sizing
content exceed 2.5 percent.

5. A straight line variation between the physical properties
of the fabrics described in paragraphs 1 and 2 should be assumed in
selecting fabric for alrcraft which have wing loadings or design
gliding speeds between those noted in paragraphs 1 and 2. For
example, fabrie having a breaking strength of 60 lbs. per inch
and a thread count of 90 is superior to lightweight fabric by 77%
as regards thread count but only by 33% as regards strength. Thus
the fabric is suitable for all aircraft having wing loadings of
B + .35.(11-8) = 9 1bs, per sqg. ft., or less, or design gliding
speeds of 150 + .33 (240-150) = 180 mph or less, as shown by the
broken line in Fig. 32D,

4, Reinforcing tape used in connection with the fabric described
in paragraph 1 should conform with or exceed the following specifi-
cation:

Revision to page .4-18
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a. The tapé should be made from combed cotton yarn, should
be unbleached and should not contain more than 3.5 percent
sizing, finishing and other non-fibrous materials, -

b. The breaking strength should not be less than indicated
in the following table when tested in accordance with
Federal Specification No. CCC-T-191a, using the average
breaking strength of § full-width specimens.

Width - inches Breaking strength - 1bs.

1/4 80
5/8 : 120
1/2 150
5/8 | 170
. 3/4 200

1 250

5. ZReinforcing tape used in connection with the fabrie described
in paragraph 2 should conform with or exceed the follomng specifica-
tion:. .

' a. Same as 4a.

b. The breaking strength should not be less than one-half
of the values listed in 4b when tested in accordance
with Federal Specification No. CCC-~T-19la, using the
average breaking strength of 5 full-width specimens.

6. A straight line variation between the physical properties
of the reinforcing tapes described in paragraphs 4 and 5 .should be
assumed in selecting reinforcing tape for use in connection with
fabrice determined by paragraph 3.

7. Surface tape should bave approximately the same properties
as the fabric with which it is used and should have pinked, scalloped
or gtraight edges.

8. Laclng cord should be of high quality linen or cotton cord,
should have a strength of at least 80 lbs. when tested double, and
should be lightly waxed before using.

'B. OTHER COVERING MATERTALS.
Fabric, reinforeing tape, surface tape, and 1ac1ng cord made

from materials other than cotton (or linen in the case of lacing
cord) will be subject to special consideration. In addition to
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showing compliance with the pertinent parts of the specifications
listed in A above, it will usually be necessary that a certain
amount of satisfactory service experience on experimental aircraft
covered with these materials be accumulated before final approval
may be granted,

C. TECHENIOUE OF COVFRING.

1, Seams, All seams should be plain lap, folded fel or
French fel seams (see Fig. 32F) machine stitched except as
indicated below, Right to ten stitchee per inch should be used.
The yow of stitches nearest each folded edge of each seam should be
approximately 1/16 inch from the edge of the fold and the rows
shculd be 1/4 to 3/8 inches apart.

a. All seams should be parallel to the line of flight
except as noted in b below. Seams should preferably
not cover @ rib or be placed sc that the lacing will
be through or over the seam. In the case of tepered
winge or control surfaces, the seams should be
disposed so as to crosg the fewest number of ribs
consistent with efficient cutting of the pattem.

b. The only seam extending spanwise of the wing or
control surface, whether hand or machine sewn, should
be at the trailing edge, except that in the case of -

- tapered wings or control surfaces additional seams
may be made in the tapered portion at the leading

edge.

2. Covering. Either the envelope method or blanket method
of covering is acceptable.

a. The envelope method of covering is accomplished by
sewing together widths of fabric cut to specific
dimensions and machine sewn to form an envelope
which can be drawn over the frame. The trailing
znd outer edges of the covering should be machine
sewn unless the frame is not favorably shaped for
such sewing, in which case the fabric should be
joined by hand sewing as described below for hlanket
covering,

b. The blanket method of covering is accomplished by
sewing together widths of fabric of suffieient
lengihs to form a blanket covering for all surfaces

"of the frame. The trailing and outer edges of the
covering should be joined by using a plain overthrow
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or baseball stitch, except that on airplanes

with design gliding speeds of 180 m.p.h. or less
the blanket may be lapped at least one inech and
doped to the trailing and outer edges of wing and
control surface structures and to fuselage |
structures . In fabricating

both the envelope and blanket coverings, the fabric
should be cut in sufficiently great lengths to

pass completely arcund the frame, starting from
and returning to the treiling edge.

¢. Hand sewing or tacking should begin at a point
where machine sewing stops and should continue to . .
a point where machine sewing or uncut fabric is
reached. Hand sewing should be locked at intervals
of six inches, and the seams should be properly
finished with a lock stiteh and a knot. Where
tacks are used, they should be not more than 1.25
inches apart.

d. M adequate number of drain grommets properly
- located to insure complete drainage and ventilation
of the wing or control surface should be installed.

3. Attachment of Fabric to Structure. TFabric is usually
attached to the structure by means of lacing cord, Other means of
attachment. such as self-tapping screws and wire and strip should
give comparable support. (In questionable cases, sketches and
tests or test proposals should be submitted for rulings by the
Administrator.) The following factors should be considered when
attaching fabric to the structure by means of lacing cord.

a. Care should be taken to insure that all sharp
edges against which the lacing cord may bear are
adequately protected by commercial tape, or its
equivalent, in order to prevent abrasion of the
cord.

b. FReinforeing tape of at least the width of the rib
cap strips should be placed under all lacing. The
tdape under moderate tension should be tacked or
otherwise attached at the trailing edge of the ribs,
brought completely around the wing or control surface
and attached zgain at the trailing edge. In the case
of wide cap strips, two widths of reinforecing tape
may be used., In the case of wings or control surfaces
with plywood or metal sheet from the nose to the front
spar, the reinforcing tape need only .extend from the
trailing edge to the front spar.
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.Stitch spacing should not exceed those shown in

Figure 33 which has been derived from extensive
experience.

A slip knot for tightening should be used at the
first point of lacing. The cord, which should be
lightly waxed before using, should then be carried
to the next point and secured by & seine knot or
other equally satisfactory knot and this process
continued until the lacing is complete, The cord
should be secured at the finish of the lacing by
tacking or by a double or lock knot.

All seams, leading edges, trailing edges, outer
edges and ribs should be covered with suitable
width surface tape,

Dope and Other Protective Coatings. The number and type of

such coatinge are usually based upon such factors as the service
expected, degree of finish desired, and cost. In general, the
dope manufacturers' recommended doping procedures should be followed.
Precaution should be taken not to- sand heavily over surface tape

and spars in order not to damage the stitching cords and fabrie,
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METAL-COVERED WINGS

1. The covering should_bé sufficiently strong end adequately supported
to withstand criticel air loads and handling without injury or undesir-
able deformations. Deflections or deformations at low load factors

_ which may result in fatigue failures should be avoided. In general,,

skin which shows deformations commonly known as "oil-canning® under
static conditions is considered unsetisfsctory.

2. TIn an attempt to establish an empirieal method of predictipg panel
gizes which will be free fram unsatisfactory Moil-canning", Fig. 34

has been -included as a proposal. In this case the skin thickness and
unsupported panel width have been comsidered the main variables. Other
important variables include stress (if appreciable) carried by skin,
airspeed, wing loading, and workmanship. Comments and data on this sub-
jeot are solicited.

TETAIL DESIGN OF TAIL AND CONTROL SURFACES

1. It is very important that comtrol surfaces have sufficient torsional

rigidity. No specific limits of permissible meximum deflection of the
surfece alone are offered, since these mey very widely with the type,

size and construction of the surfece. However, the behavior of the
surface during proof tests should be closely observed. In addition

the effect of the control system "stretch™ on the total surface deflection
under limit maneuvering losds should be considered from the standpoint

of "gurface usefulness™, as described in CAM 04.43-11.

2., C(learances, both linear and angular, should be sufficient to
prevent jamming due to deflections or to wedging by foreign objects.
It is common practice in the design stage to incorporate an angular
clearance of 5 degrees beyond the full travel limit. Surfaces and
their bracing should have sufficient ground clearance toawid damage
in operation. '

3. External wire bracing on tails is subject to vibration and the
design of the wire assembly and end comnections should be such as to
withsterd this condition. Swaged tie rods are recommended, except that
for use on light aircraft unsweged rod is amcceptable if the points
covered in (aM 04.403 are followed. Lesding edges, and struts should
have sdequate strength to withstand handling loads if handles or grips
are not provided. ' .

4, Direct welding of control horns to torque tubes (without the use of
a slegve) should be done only when a large excess of strength is indicated.

0d=20
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STOPS

l. Stops are specifically required in the .ase of adjusteble stebilizers
and elevator trailing edge teb systems (CAR 04.421 and 04.4210). Some
form of stop should, however, be employed at all swurfaces in order to
avoid interferences snd possible demage to the parts concerned and to
1imit the travel to the approved range. (See also CAM 04,431}

HINGES

1. The following polnts have beern found of importance in commection with
- hinges: : :

8, Provision for lubricetion should be made if self-lubricated or
sealed bearings are not used.

b. The effects of deflection of the surfaces, such as in bending,
should be allowed for, partlcularly with respect to misaligrment
of the hinges. This may also influence spacing of the hinges.

c. Sufficient restraint.should be provided in ome or more brackets
to withstand forces parallel to the hingecenterline. Rudders,
for instance, may be subjected to high vertical accelerations in
ground cperation., :

d. Hinges welded to elevator torque tubes or similar components may
prove difficult to align unless kept reascnaebly short and welded
in place in accurate jigs.

e. . Plano type hlnges are mcceptable with ocertain restrictions.
' In general only the "closed" type should be used, i.e., the
hinge leaf should fold back under the attachment meens. The
attachment should be made with some means cther than wood
screws, and this attachment should be as close as possible
to ‘the hinge line %o reduce flexibility. Plano hinges
_should not be used at points of high loading, such as op-
“p051te control horns, unless the reaction is satisfactorily
distributed. Due to the difficulty in inspecting or replac-
ing s worn hinge wire, it is better to use several short
Tlengths than one long hlnge.

EIEVATORS
1. Wheﬁidihedral is'incorporatea in the horizontel tail the universal

cormection between the elevator sections should be rugged to conform
with AR 04.423.

od=22
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+424 DYNAMIC AND STATIC BALANCE OF CONTROL SURFACES

1. Dynamic Balance. A movable surface is dynamically balanced
with respect t0 a given axis if an argular acceleration of the
surface about that axis does not tend to cause the surface to
swing about its own hinge line. A control surface which is

. dynamdcally balanced about a certain axis will therefore remain
meutral" with respect to a torsional vibration about that axis;
that is, it will act as though rigidly connected with, and a
part of, the fixed surface to which it is attached. As the
types of flutter likely to be encountered in aircraft structures
involve both torsional and bending vibration, the type of balanc-
ing employed and the choice of a suitakle reference axis for
any given case will depend on the pa.rticula.r fom of flutter to
which the componmt is subjected,

2. OStetic Palance, Complete static balance of 2 movable con-
trol surface is cobtained when the CG of the movable structure
is located on the hinge line; feee s Zero unbzlance hinge moment,
or in a plane through the h:.nge line and normal to the median

" plane of the surface., The following points should be noted in
connection with statically balanced surfaces:

a. Vhen a surface is in complete static balance the
mirerical value of the product of imertia (K) is the
same for any set of parallel oscillation axes. However,
the sign of the product of inertia (K) will deperd on
the location of the oscillation axis with respect to
the center of pressure (CP) of the surface,

"be Tt should be noted that when each section of a surface
perpendicular to its hinge axis is statically balanced,
the surface will be in complete dymamic balance for

- oscillation about any axis perpend:xcula.r to the hinge

- axis; i.e., /I = O.

¢. When the surface is statically balanced it will have

: some dynamic unbalance with respect to oscillations
about an axis parallel to the lhinge axis; i.e., K/I = 1.0,

3. Balance Coefficients. The dynamic balance coefficient, K/I,
is a measure of the dynamic balance condition of a control sur-
face. A gero coeffjicient corresponds to complete dynamic
balance for any given set of axes; i.e., perpendicular, parallel,
or at an angle to each other. Positive and negative coefficients
correspond to dymamic unbalance or over-balance, respectively.
This coefficient is non-dimensional and consists of a fraction
whose mmerator is the resultant weight produet of inertia of
the control surface including balance weights (about the hinge
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and oscillation axes) and whose denominator is egual to the
weight moment of inertia of the control surface (mclua:.ng
balance weights) about the hinge axis. The coefficient K/I
may be said to represent:

Exeiting Torgue
Reslsting Torgue

and is therefore more rational than the coefficient Cp which is:

Exciting Torciue
Weight x Area

.Both are non-dimensional and will yield commarabtle results for

conventionzl surfaces, but orly X/I may be considered to pro-

perly apply to other. surfaces. It should be pointed cut, how-

ever, that when K/I is used, variations with GifTferent aspect
ratio of the control surface ray arise, particularly for the
perpendiculsr axes case. This does mot occur with Cp.

4., Product of Inertia with Respect to Two Axes that are Mutually

‘Perpendicular, In computing the dynamic balance coefficient,

K/I, of a control surface for axes that are mitually perpen—
diculzr (within 159), the following procedure may be used:
Referr:mg to Figare 35

a., Assume X-axis coincident with the assumed (or known)

- oscillation axis. Positive direction from the Y-axis
is aft of control surface hinge axis, and negative
forward of hinge.

b, Assume Y-axis coincident with the control surfaée hinge
axis. Positive direction from X-axis is taken on the

- same side of the X-axis as is the center of pressure
(CP) of the maneuvering load on the surface (see CAR
04, Figures 04.-5 and 04~7 for the maneuvering load
distritution). It should be noted that it is unneces-
sary to compute the position of the CP for these
purposes, if the side of the X-axis on which it lies
may obviously be determined by inspection.

¢. After the reference axes have been established, the
surface should be divided into relatively small parts
and. the weight of each such rart (w) and the perpen-
digular distance from its CG to each axis {x to Y-Y axis
and y to X-X axis} should be determined and tabulated.
(see typical tabvle, figure 354). The weights and distances
should be accurately determined. The welshts and CG
locations of doped fahric and trailing edge material
are sometimes underestimated with a resultlng serious
unbalance condition, and a larger valuwe of K/I, In
addition changes in service may tend to increase the

odwBd .
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+Y NOTE +Y-AXIS IS TAKEN
ON SAME SIDE OF X-AXIS

AS IS CP OF MANEUVERING
LOAD ON SURFAGE

CP OF MANEUVERING
LOAD DISTRIBUTION

—X
NOTE: +X—-aXxIS
" TAKEN REARWARD

+/ HINGE AXIS

-Y

+X

AX|S OF OSGILLATION

FIG.35 DYNAMIC BALANCING OF GONTROL SURFAGES
" (REF CAM 04.424-3)
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unbalance., Referring to Figure 35 of CAM 04, the
product of inertia of the item of weight, w, is egual to
wry. .The product of inertia, K, of the complete sur-
face is the sum of the individual products of inertia
of each part. Hence, K = wxy. The weights should

be expressed in pounds and the distance in inches, K

is then in 1lbs.-inches®. -

Moment of Inertia of Control Surface about the Hinge

- Axis. The moment of inertia (I —y) of the control sur- -

face about its hinge axis may be computed from the data
found for compuiing X (in yeragreph c, above). I for a
small part of the weight, w, is egual to w:cz, Wwhen x is

the perpendiculer distance from its CG to the hinge

axig. Hence I.. . is egual to the sum of the individual
moments of ineftiza of each part and is equal to = w x°.
The weight shauld be in pourds and the distance in
inches, so that Iy . will be in lbs.-inches®, It should
be noted that the cdrrect value of I wy will only be
obtained, if the weight items are brokén down into a
sufficient number of small parts, especially in the
chordwise direction, This is particularly important

for such items as fabric covering and tape, dope, metal
skin, trailing edge tabs, tabt operating mechanism, etc.,
unless the moment of inertia is first obiained about a
parallel axis tlrough the CG of the larger concentrated
weight, w, and then transferred to the hinge axisy i.e.,
Iyy = Icg + 3% where & is the perpendicular distance
in Inches between the CG and the hinge axis.

The dynamic balance coefficient is then equal to K/T

for the ¥ and Y axes assumed. .

Tt is sometimes found necessary to calculate the product of

inertia (K2) with respect to one set of axes (X, and Yp) given

the product of inertia (Ky) with respect to another set of

"axes (%) and Y3) lying in"the same plane. Referring to the

figure: Yé‘ )

s e

hxo—»r———— X, C.G. OF W
| ‘

Yz
]
Xit — - —¥X
i YI ‘ Yo
Xo — —_— L 2 Xp
Y2
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Ko =K1+xoy11V_+y°:ch+?~:o-yo.W

Where W = Total weight in 1lbs, and x; and yy are the
coordinates (in inches) of the CG with reference to

the X3 and Ty axes respectively, and x, and y, are

the distances (in inches) bet'-reen the X axes and ¥

axes respectively.

It should be pointed out that in the case of statically
-balanced control surfaces (zero unbalance), the pro-
duct of inertia (X) is independent of the true location
of the ast of oscillation (X) but not of its d:.rect:.on.

5. Product of Inerta.a wrbh Respect to Two Axes that are not
Murtually Perpendicular, This case might occur for some wing
bending versus aileron mode of vibration, with, for example,
the relations shown in Figure 35B. As shown in ACIC #711, the
product of inertia for the inclined axes (0~0 and Y-Y) can be
obtained from the perpendicular axes (X-X and Y-Y) value by
the use of the follomng equatlon-

If b is taken as the angle between the hinge axis and the axis
of oscillation in that quadrant where the center of gravity of
the surface is located, neglecting the inclination of the axes
will be conservative if § is acute; if $ is obtuse the result
may be unconservative, especizlly if K is small compared with I.

8. Product of Inertia with Respect to Two Axes that are Parallel

and in whose Plane the Control Surface CG is located. This case
may be of importance in some of the wing torsion versus aileron
and fuselage bending versus rudder or elevator modes of vibra-
tion.  Using the same nomenclature as in the previous cases
where ¥-Y is the hinge line of the control surface and X-X is the
axig of oscillation of the body as shown in Figure 35C which
represents a fuselage side bending versus rudder mode of vibra-
tion, then

Ky = %o %3 W+ Ty |
where: X, is the distance between the two parallel axes in
1nches.
¥} is the distance of the CG of the control surface
(including balance weights) from the hinge line 1n
inches (aft of hinge is positive and forward is
negative).
W is the weight of the sontrol surface {including
balance weights) in 1lbs,
IE:Y . 18 the moment of inertia of the control surface
(inclwding balance weights) about the hinge line
in 1bs.-inches®. o
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INCLINATION OF THE AXIS FOR A TYPICAL WING-BENDING VERSUS AILERON MODE OF VIERATION.
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FIG. 35B
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I’ G.oF W.

PARALLEL AXES FOR A TYPICAL FUSELAGE-BENDING VERSUS RUDDER MODE OF VIBRATION.

FIG. 35C
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It is thus obvious that to meke K equeal to zero for this mode of
vibration x; must be negative; thet is, the center of gravity of
the control surface must lie forward of the hinge line.

7. The specisl case of parallel sxes wherein the control surface
CG is located outside of the plane of the saxes, may in most cases
be resolved into the sbove parallel axes caseé (6) by projecting
the X-axis to the plane through the control surface hinge resulting
in & new X'-axis and resolving the CG reasction into components
perpendiculer and parallel to this plane. This may only be done
when it cem be shown that the CG of the control surface falls in
the new plane through the X' and Y-sxes which will be found true
for most rudders snd elevators. However, for the aileron, as
shown in Figure 35D, where the hinge exis is usually near the
bottom of the surface resulting in the CG being above en X'-T
pleane, it will be necessary Lo consider the .componemts of the CG,
since an apprecisble unbelance may be present even with & statically
balanced aileron, for the true oscillation mode involving rotetion
sbout the Xwexis.

WING FLAFS

1. In addition to the usual air loads, flaps may be subjected to high
loeal ‘loadings from impact of water when the airplane is operated fram
wet fields, or when used on seaplanes, This is particularly true of
low~wing installations.

2, Ground clesrance of the flaps should be considered in the initial
design stages, 12 inches being a reasonable minimum. Since flap travel
may be varied before final approvael in order to secure the desired
flight-path, trim, or landing characteristics, the maximum expected
travel should be used when determining clearance.

TABS
1, Minimum deflections and play are of first importence in the in-

stallation of these surfaces. BStrength of tne surface and anchorage
should be sufficient to prevent damage or misaligmment from handling.

" This is particularly true of thin sheet tebs which are set by bending

to the proper position. BSee alsoc CAM 04,424,
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GG. OF
SURFAGE

1 (HINGE LINE) UNBALANGE ARM FOR

OSGILLATION ABOUT
X axis

SEE CAM 04.424-4}_1

4)( AXiS

/ (PARALLEL TO AILERON
HINGE LINE)

PARALLEL AXES WITH THE CONTROL SURFAGE
OUTSIDE THE PLANE OF THE AXES

FIG. 35D
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w43 DETAIL DESIGN QF CONTROL SYSTEMS

1. Genersl. The movements of horns, cebles snd other components
with respect to esch other should be such that there is no excessive
change in system tension throughout the remge. Adjustable stabilizer-
elevator combinations, in perticular, should be checked for this =
condi tion. Pulley guards should be close fitting to prevent jamming
from slack cables since wide tempersture variations will cause
rigging loads to very appreciebly. The design of the pulley brackets
should be such that the pulley lies in the plene determined by the
cable. Allowsble tolerences in manufacturlng should not permit the
cable to rub against the pulley flanges.

2. Travel. The travel of the primary control elements is generally
dependent on the size of the aireraft. BStick travel at the grip may
vary from 18" x 18" total to much smaller values for light airecraft.
Angular travel of the control wheel from neutral may vary correspond-
ingly from 270° to 90° A usual velue of pedal itravel is 6" total.
There is a-trend toward adjustment for variastions in stature of the
pilot, either in the seat or at the controls.

3. Positioning. In the layocut and positioning of a control considera-
tien should be given to its relative importance and to its convenient
placement For the usual sequence of operations. Thus for landing, it
is desirable that throttle, propeller pitch control, flap control, and
brakes be opersble without changing hands on the wheel or stick. Like-
wise secondary controls such as fuel valves, extinguishers, and flares
should be so located that the possibility of accidentsl or mistaken
operation is remote.’

4. Centering Characteristics. A point sometimes overlooked is the ef-
fect of the weight of a control member or of a pilot's srm or leg on
the centering characteristics of the control. For instance, resting
the hand on & stick grip in which the fore and aft exis is not directly
below the grip will tend to apply aileron. Likewise rudder pedals on
which the whole foot is rested and which have their hinge line below
the pedal will tend to move awey from center. :

5, Cables. Control cebles should be of the 6 x 19 or 7 x 19 extra
flexible type, except that 6 x 7 or 7 x 7 flexible cable is acceptabls
in the 5/32 inch diemeter size and smaller provided thet perticular
care is taken to prevent wear.
[ nCable amaller than 1/8 ixch diameter should not be
used in primary control systems, except that smaller
‘sizes may be used for teb control systems where, in the
event of cable failure, it is demonstrated that the air.
plane can be safely eontrolied in flight and landing
. operations,” (See the following paragraph % regerding the
use of fairleads.)

#For properties of control cable see Table 4-14 of ANC.S

__and for cable terminal efficiencies see 4,530 of ANC-S5.T
End splices should be made by an epproved tuck method such as

that of the Army and Navy, except that standard wrepped and scldered
splices are acceptable for cable less than 3/32 inches in dismeter.
Approved sweged-type terminals are also acceptable. It should be

" remembered thet ceble sizes ere governed by considerations of comtrel
system deflection as well as by strength requlrements, particularliy
when long cables are used.

2/23/42
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6. Spring type connecting links for chains have been found to be
not entirely satisfactory in service. It is advisable that & more

reliable mesns, such as peening or sotter pins, be employed.

7. Feirleads should be used to prevent cebles, cheins and links from
chafing or slapping egainst parts of the aircraft, but should not be
used to replace pulleys as a direction-changing means. However, where
the ceble load is small, and the lcoation is open to easy visual
ingpection, direction changes (through fairleads) not exceeding 30

sre satisfactory in primery control systems except when 5/32 inch
diemeter cable is used. (See paragraph 5.) A somewhat greater value
may be used in secondary control systems. Because of its corrosive
action on cables, rawhide should not be used for fairleads or chafing
strips.

‘8. TWhen using extreme values of differential motion in the aileron

control system or & high degree of aerodynamic balance of the ailerons,
the friction in the system must be kep¥ low, otherwise the ailerons
wiil not return to neutral and the lateral stability charscteristics
will be sdversely affected. This is particularly true when the aile~
rons are depressed as part of s f£lap system, in which cmse ‘there may
even be definite overbalance effects.

9. Adjustable stebilizer controls should be free from “oreeping"
tendencies. When adjustment is secured by means of a screw or worm,
the lead angle should not exceed 4° unless additiomal friction, a
detent, or equivalent means is used. In general, some form of irre-
versible meckenism should be incorporated in the system, particularly
if the stabilizer is hinged near the traliling edge.

10. Dual control systems should be checked for the effects of opposite
loads on the wheel or stick. This may be eritical for some members

such as asiieron bell orank mountings in an ™open™ system, i.e., no re-
twrn except through the balance cable between the aileroms. 1In additiom,
the deflections resulting from this long load path may slack off the
direct comnection sufficiently to eause jamming of cablss or chains un-
less smooth close-fitting puards and fairleads are used.

"1l. It is sssentisel thaet control systems, when subjected to proof and

operstion tests, indicate no signs of excessive deflection or permement
set. In order to insure that the surfaces to which the control system
attaches will retain their effectiveness in flight, the deflection in

the system should be restricted to a reasoneble limit. As a zuide for
conventional control systems, the aversge angular deflection of the
surface, when both the control system end surface are subjected to limit
loads as computed for the memeuvering condition neglecting the minirmm
limit control force but including teb effects, should not exceed approxi-
metely one=helf of the sngaler throw from neutral to the extreme position.

- (See CAM 04.42-1)

12, It is essential that when a nose wheel steering system is inter-
commected with the flight conirols eare be taken to prevent excessive
loads from the nose wheel overstressing the flight control system.
This objective mey be attained by springs. & wesk link, or equivalent
meens incorporated in the nose wheel portion of the control system.
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STOPS

1. Although the location of stops within the control system is not
specified, they should prefersbly be located close to the operating
foree in order to avoid a Mzpringy™ comtrol., - As noted in CAM 04.421,
additional ssops may in some oases be needed at the surfaces. Stops
should be adjusteble where production tolerances are such as to result
in appreciable variation in range of motion.

JOINTS

l. Bolts, straight pins, taper pins, studs, and other fastening means
should be secured with approved locking devices. (See CAM 04.4020)
Rivets should not be subjected to appresisble tension loads,

2. The assembly of universal and ball and socket joints should be in-
sured by positive locking means, rather than by springs. In addition
the angular travel of such joints should be limited by system stops
rather than by accidental interferences which may induce extremely high

stresses in the joints,

3« Woodruff keys should not be used in tdbing unless provision is made
against the key dropping through an oversize or worn seat.

FLAP CONITROLS

1. Undesirsble flight characteristics, such as loss of 1ift ‘and con-
sequent settling, may result from too rapid operation of flaps which
give appreciable 1lift. When the prime function of the flap is %o act
as a breke, however, slow operation is not so important. When flaps
extend over a large portion of the span the control and means of inter=-
connection should be such as to inswre that the flaps on both sides
function simultaneously.

'I‘.AB CONTROLS

1. In addition to the air loads, comsideration should be given in the
design to the lapping effect of dust and grease on fine threads, de-
flections of the tab due to the small effective arm of the horn or equive
alent member, and vibration common to the tralllng odge portion of mest
movable surfaces.

2. It is advisable to avoid a tab control with smell travel)because‘of
the resulting abrupt action of the tab,

SINGIE-CABIE CONTROLS

1. Single cable controls refer to those systems which do not have a
positive return for the surface or device being controlled. Rudder con-
trol systems without a balance cable at the pedals are considered satis-
factory if' some means such as & spring is used to meintain cable tension
and to hold the pedals in the proper position. It should be noted
that 1t is not the intent of the specified requirement tomquire a
duplication of cables performing the same function.
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13, Power Boost Controls. Such controls should exhibit control force
versus surface deflection curves which are smooth and free from discon-
tinuities. (See also GAR 04,75120.) Consideration should be given in the
design and in test to the effects of the temperature variation to be
expected in operation, in order to avoid the possibility of jamming or
oxcessive lag. Small chenges in velve adjustments or other settings should
not result in marked changes in operating a comtrol characteristics.

CIVIL AERONAUTICS MANUAL

~14 Installation of Turnbuckles. Fork ends of turnbuckles should not
be attached directly to control surface horns or to bellcrank arms
unless a positive means (such as the use of shackles, universal
joints, etc.) is used to prevent binding of turmbuckles relative to
the horns or bellcrenk arms which may be caused by excessive tighten-
ing of the attmching bolts, or unless it can be shown that the turn~
buckles have adequate strength assuming one end fixed and the design
cable loads pulling off the other end at 5° to the turnbuckle exise
Care should be taken to insure that there is no interference betwsen
the horns or bellcrank arms and the fork emds of turnbuckles, through-
out the range of motion of the control surfaces.

‘Safetying of Turnbuckles. All turnbuckles should be safetied with

Revision Sheet No. lde

-15
' wire as indicated below. After safetying the turmbuckle, no more
v than three threads should be exposed, and the ends of each safety
J, wire should be securely fastened by at least four wraps.
* Turnbuckle Type Dism. Material
> Strength of of (Annesled
3:5- (AN Std.) Wrap Wire Condition)
S0 - — . =
i 800 Single .040 | Copper, Brass, Galw Steei™
:3*% 1600 . Bingle 040 Copper, Brass, Gala Steel
@ 2100 Single 040 | Stainless Stesl
N 2100 | Double .040 Copper, Brass, Galw Steel*
2 3200 Single 072 Copper, Brass, Yalw Steel” |
end Double | .05l Copper, Brass, Gals Steel®
greater Double 040 Stainless Steel

* Galvanized or timned soft iron or tinned
stesl wires are also aoceptable.

SINGLE WRAP

Notes: . 1. Wire 1 is passed through the tﬁrnbudkle hole as shdwn, the two
wire ends are passed through the right and left hand ends of

the turnbuckle and are then bent baok slonz the barr
turnbuockle . ng the barrel of ‘the

2, Wire 2 is installed and wrapped (these wraps are next to the
ends of the turnbuckle).

3. The two loose ends of wire 1 are then wrapped.
: o4=350
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IETAIL DESIGN OF LANDING GEAR

1. The wheel travel should be ample for the service and requirements
involved. The geometric arrangement of members in the landing gear
should be such that the wheel trawel in the direction of the resultant
external force will be sdequates 8ee CAM 04.440-1, Extremely high
heat treats, partioularly when cambined with thin sections, are usually
sources of trouble in service. An ultimmte strength of 180,000 pounds
per square Iinch may be regarded as a usual upper limit, except in spe-~
cvial casese To prevent binding and scoring in shock absorbers it is
desirable to keep bending deflections, ang bearing stresses at pistons,
pecking glands and bearings, at low walues.

2. In general the purpose of unconventional gear is to facilitate land-
ing under unfavorable conditions. In order to realize this purpose it
is advisable that the energy absorption capaoity be in excess of that
needed for conventional gear.

SHOCK ABSCRPTION

1. In order to obtain adequate energy absorption without exceeding

the specified load factors it is essential to provide sufficient wheel

travel. Neglecting the effect of tire and structural deflection, it

may be shown that:

' h

nn -1

t = oqmponent of wheel travel in the direction
of the resultant external force.

h = specified height of drop,

n = load factor, and

N = absorber efficiency.

t =

Thus when a certain height of drop h must be met without exceeding a
load factor n, the recommended minimum wheel travel for any absorber
efficiency may be computed. While absorber efficlencies as high as .85
have been developed, it should be noted that such shock absorbers tend -
to give bouncing and undesirable texiing characteristics. This may be
obviated by ample travel in cambination with an absorber which does not
develop high loads in the first part of travel but rather "builds-up”
gradually to a pesk load only when near the fully deflected position.
In uch cases, an efficiency of .60 to .70 may be expeoted. The effect
of the tire in altering the sbove relationship will in general not be
large because, while it provides additional energy sbsorption, its de-
flection increases the energy to be dissipated. Structural deflections,
while not ustmlly of importance, may in scme cmses appreclably reduce
load factors.
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A wheel appended to a previously approved tail skid installetion will
not be classed as & "landing geer wheel”. See CAM 04, 060-2 for aun
acceptable procedure of use in meking such a change.

BETRACTING MECEANISM

1. The requirement of a visusl position indicating meahs may usually be
met by mechanically or electrically operated indiestcrs. When windows -
or other openings are so placed that it is possible for the pilot to note
directly the position of the wheels, a separate visual indicator is not
required. In such cases, however, it is essentisl that illumination be
provided for night operation. When it is necessary for latches to op-
erate before the gear will carry landing loads, lights or other means
should be used to indicate completion of this operstion. In the case of
amphibians the requirement in CAR 04.444 regarding saural indicators
does not apply. With this type of airplane it is usually more important
to guard ageinst the possibility of alighting on the water with the wheels
down.

2. In the design of retracting systems, the source of most service troubles

- lies in such items as latches (particularly if spring loaded), limit

switches, valves, cable instsllstions, universel joints, 'and indicating
systems. The effects of mud, wabter, ice and extreme temperature variations
should be studied.

3. In manually operated systems it is desirable that the crenk or lever
forces not execeed 15 to 20 pounds. Further, about sixty 12 inech strokes
per minute is a practical maximum. Hence the total work input for opera-
tion varies with the time. To keep this at a reasonably low value, it

is therefore important that lossés be kept small. With larger and heavier
gear the use of a bungee may be necessary.

The usual reduction ratios of screw and nut, and of worm and worm wheel
combinations, are considered to provide irreversibility. Detents or other
means should be provided however if there is apprecisble creeping. Some
types of swinging arms which move slightly past dead center to a position
against a stop are also acceptable, but the effect of bounclng on landing
should be considered.

HULLS AND FLOATS -
1. Gereral practice in the design and construction of floats and hulls

is well esteblished. Rivet spacing for watertight joints is substantially
closer than required for structural strength. The same applies to spacing

. of spot welds. Drain holes should be positioned at stringers, transverse

frames, and other members so that water will drain to the low point with-
out being trapped in pockets at inaccessible points. Adequate inspection
openings should be provided. When the bottom is curved in transverse
section there may be high loads acting inward at the chlne between frames
due to the tension in the bottom plating.
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Ze Due to the severe nature of the loads imposed by wabter operation,
consideration should be given to the effect of sharp impacts and rack-
ing loads. DPartiecular attention should be paid to fittings, and, in
twin float seaplanes, to trusses and members carrying unsymmetrical
loads, ‘

+450 BUOYANCY (MAIN SEAPLANE FLOATS)

l. It should be noted that Canadian requirements specify'that twin-
float seaplanes shall have at least 100 per cent reserve buoyancy in
the floats. See also CANM 04.451.

451 BUOYANCY (BOAT SEAPLANES)

1., Any of the methods commor to naval srchitecture may be used to
-demonstrate compliance with buoyancy requirements. Bulkheads should be
watertight at least 18 inches above the water line being considered.
Acceptable substitutes for watertight doors in bulkheads are sills or .
sections which may be slid or set into place. These should likewise
extend at least 18 inches sbove the waterlirie considered, and should
be quickly installable., Bulkheads shouid possess ample strength to
withstand hydrostatic loads with some reserve for surges. Cables in
the hull should not be carried below the waterline due %o the imprac-
ticability of sealing at wabtertight bulkheads. Watertight closed com-
partments should be vented to a point well above the waterline and con-
sideration should be given to air pressure variation at the venting
point. '

«452 WATER STABILITY

1. The methods employed in naval architecture may be used to demon-
strate compliance with the stability requirements. In some casés this
compliance hes been shown by assymetric loading of the aircraft on the _
water. Computations sre acceptable but with certain types of seaplanes.
such as ‘those incorporating seawings, the use of metacentric height as

a criterion becomes meaningless due to variation with list and loading.
Recourse must then be made to methods such as Bonjean curves cr the
homogenous mass method to demonstrate the.existence of adequate righting
moments. For & further discussion of methods see texts such as "The
Raval Construction™ by Simpson, "Theoretical Naval Architecture™ by
Attwood , and "Engineering Aerodynamics"™ by Dishl. Note that the Canmdian
requirements for twin float seaplanes specify that the metacentric height
shall not be less than the following values:

Transverse metacentric height = Qs b ft, and
Longitudinal metacentric height = 65 D ft, where

D = total displacement of the seaplane in cubic feet,
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+463% OPERATION LIMITATIONS AND INFORMATION

Satisfactory means of informing operating personnel of necessary
operation limitations and information are outlined below:

1. Tnstrument marking should be used for:

a. Airspeed not to be exceeded in glide or dive,

b, Airspeed not to be exceeded in level flight or climb,

¢. Airspeed not to be exceeded with flaps extended.

de ReP.M. not to be exceeded in take-off, X

2. RJP.M. not to be exceeded in climb,

" "fuo ReP.M. not to be exceeded in all other operations.

g. Manifold pressure not to be exceeded in take-off,

h. Manifold pressure not to be exceeded in climb,.

i, Manifold pressure not to be exceeded in all other opera-

tions,. '

Then airspeed indicators, tachometers, and manifold pressure
gauges are so marked, the coloring ocutlined below should be used:

a, d, g = to be marked in tredn,
b, €, h - to be marked in nyellow,
¢, f, 1 - to be marked in "green“

2, Acceptable methods of marking include:

a. Pointers, adjustatble on the grourd only.

b. Sectors or lines properly marked and outlined on the

. face of the dial, under the glass..

e Lines painted on the glass face of the mstnment
when a or b above iz impracticable and when the glass
is adequately secured against rotation., Such lines
should be painted over a suitably etched or scratched
line on the glass itself, This etching or scratching is
considered advisable for more serviceable markings.

3. When considered necessary by the Authority, operating infor-
mation and limitations such as the following should be included

" in a manual, or its equivalent, which must be carried in the
pilot's compartment and be accessihle at all times:

a. Emergeéncy ceiling and conditions under which it may be
obtained.

be A&l1) other information or limitations considered neces--
sary by the Administration to properly inform opsrating person-
nel of the conditions necessary for operation in compliance
with the Civil Air Regulations,
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APPRNDIX I
AN INTERFRETATION OF CAR 04,003 FOR THE CASE OF LARGE ATRPLANES

A GERERAL

1. Since, as stated in CAM 04,00 , the present CAR -04 requirements

are based largely on experience with airplanes weighing less than

30,000 poundss it is realized that oertain of these requirements ocan-

not logically be applied to larger and larger aireraft without involv-

ing either the danger of inadequate rules or the disadvantage of too

severe requirements. It is therefore essential that, during the initial
stages of the design of such airplanes, the designer contect the Administrator
for special rulings which will be made for the particular desigm in-
volved. It is likewise essential that very close cooperation be maintained
between the designer and the Administretor throughout the design period
and until the completion of the alrplane.

2. Although it is impossible to anticipate all of the new mirworthiness
problems imvolved in the design of large aircraft, the modifieations to
CAR 04 wmhich are outlined in the following sections are congidered to
be gemerally applicsble to such airecraft. If cases arise in which there
is doubt as to their appliosbility to & particular project, the desigmer
is of course st liberty to employ alternative modifications, provided

" that such modifications are substantiated. This appendix will be revised
from time to time as new modifications are adopted.

B STRUCTURAL LOADING CORDITIONS

1. Design Gliding Speed. (See (AR ©04.211). A V, of less than 1.25
¥y, is in general believed inadequate. This factor may, however, be re-
duced if it is shown that the resulting placard meximum speed suffices
for all the contingencies which may arise in operations. It is suggested
that a polar disgram be plotted, showing the flight paths, indioated air
apeeds, and rates of descent, with zero thrust and with oruising power.
This will assist in determining the adequacy of the design gliding speed
proposed. : :

2. Maneuvering Load Factors. (See CAR 04.2120). Although large air-
planes are generally less maneuverable then smaller omes, they are alsoc,
in many cases, less controllable after & maneuver has been begun, either
advertently or inadvertently. Fending the development of more ratiomal
maneuvering load factor criterie for such airplanes, it is belisved that
the minimum limit maneuvering loed factors of + 2,67 and -~ 1.333 should
be used at all speeds up to Ve

I-1
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3. Gust load fectors. (See GAR and CAM 04.2121.) Positive and
negetive velues of U of 30 feet per second {limit) should be used in
Condition I (CAR 04.2131) and Condition II {CAR 04.2132). The resulting
gust loed facbors should also be used for Condition III end IV

respectively. . :

4. Horizontel Tail Surfaces. (See CAR 04.221). A 30 foot gust
should be used for the design of the horizontal surfaces at V.. The
effects of downwash on.the horizontal tail may be allowed -fdr.L More
definite information on this can probably be cbtained from the NACA.

The quest:}on of maneuvering loads is difficult to decide at present.
The axigt:.ng requirements may be satisfactory, but should not be relied
on as final., A rational study of the specific case involved, based on
the maximum deflection likely to be used at Vp, may lead to more appli-
cable normal force coefficients than those specified by CAR 04.2211.

5. Ailerons. (See CAR 04.223). It is suggested that the maximum
-'deleection likely to be used at Vp be teken as a criterion for aileron
design loads. This will involve an investipation of eilerom- leadings
based on normal force coefficients and pressure distribution data.

6. Wing Flaps. (See CAR 04.211, 04.214, and 04.244). The present
requirements for flap design speeds can probably be lowered to 1.87 ¥
(placard 1.5 Vge) provided that gust velocities of + 30 and - 30 feetSf
~ o second &re used in Conditions VII ( AR 04.2141) ang VIIT ( gy
04,2142) respectively. If partial deflections are to be used at higher
speeds an additional investigetion is necessary. ' '

7: - Loads on Sea Wings. No strength requirements heve been formalated
for sea wings. The suitability of such instellations will be determined
by operating tests. It should be bornme in mind, however, that water is
approximetely 800 times as dense as air and that sea wings and floats

are therefore subjected to very high loads and pressures when they en-
counter weves in landing or on tske-off. The menufacturer proposing to
use sea wings should substentiate the loading conditions chosen for their

design.
C TPROOF OF STRUCIURE

1. Effects of Size. It appears that existing airplane structures have

just about reached the limit of safe extrapolation from previously ap-

proved structures and that further increase in size introduces an element

of uncertainty difficult to remove. In view of the serious nature of

this sibtuation it is suggested thet designers prepare a comprehensive _
outline of the gemeral methods of strength analysis to be used on wings,
fuselages and hulls, and of the specimen tests which will be mnde to sup-
plemont the analysis. This material should be submitted to the Administrator
as early in the design stages as is practicable. It is apparent thet & _
thorough study of this situstlon is necessary if the Adrinistrater is to avoid
requiring high margins of safety which will impeir the efficiency of the
‘girplane, Otherwise it may be necessary to conduct destruction tests

of complete components.
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2. Wing Analysis, In preparing the program.mentloned in 1 above, the
following points should be considered:

8. Determination of the magnitude and distribution of stresses
due to bending and torsion,

b, Determination of sllowsble campressive loads in wing covering.
Ce Aﬂlowable.shegr loads in webs.

d. Coambined loadings. |

6. Specimen tests, panel tests, and fartial_wing tosts.

f. Ultimate factors of safety. These mey be increased over
the present required values if there appears to be un-
certainty as to the reliability of the strength analysis
and test methods).

3. Fuselage and Hull Analysis. A program such as outlined for wings
in item 2 above should be submitted. In particular, information should
be included as to the strength of mair and intermediate frames; the
rigidity of intermediate frames and their adequacy in regard to the pro-
vention of general instability; the strength of the side covering in
shear; the strength of vertical and longitudinal stiffeners as affected
by diagenal tension fields; the effectiveness of the covering in com~
pression, and the effects of cubouts and discontinuities.

DETAIL DESIGN

1. Plutter Prevention. Before the design has progressed very far, the Admin
- igtrator should be informed as to all design features end precsutions to

- be used to prevent flutter. Unucually large cantilever spans, and out-
board vertieal tail surfaces, may necessitate specihl precautions,

2. Control Systems. If & power control system is used, it will probably
be required that certain minimum maneuvers can be performed after the
power source has failed.

3. Exits. In view of the large size of the compartments, it is felt

that considerstion should be given to supplyihg emergency exits on each
side and at the top of each major campartmento
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APFENDIX II

(Sample Weight and Balance Report)

NAME OF MANUFACTURER
REPORT NO.

WEIGHTS AND BALANCE
OF MCDEL .

SERTAL ¥O.

IDENTIFICATION MARK

Prepared By
Checked By
Witnessed By .
(Signature of ¢ivil
Aeronautics Administration
Representative)
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' : Page No.
Section 1., Alreraft Bmpty Weight Report No.

(A) Empty weight as Weig;hed (in level landing position#+*) '

/‘—Leading edge of lower mng at point vertieally above wheel.

2= e MAC-80"—e=
/—-Mark minus if leading edge is aft of wheel.

*
Zlo\l . -
Scale Reading  Tare Fet
Left Wheel 1020 - 16 1005 lbs,
Right Wheel | 1010 15 . 995 Ibs,
Tail Wheel 400 150 . _250 lbs,

Total ~ 2250 lbs,.

Total net empty weight includes residual oil. The oil tank was filled end
the system drained before weighing. 5 gallons of oil were drained from the
- system, '

CeG. Bmpty (as weighed) is aft of wheel centerlines % = | 25,.3"

C.G. Empty (as weighed) is aft of lower wing leading edge 23.3 + 6 = 29.3"

Lower wing leading edge is aft of datum _ , 100,0"
C.G. Empty (as weighed) is aft of datum 100 + 29,5 = _ 129,3"

Datum to M.A.C leading edge = 102" {(See page 2  of Repert 981 )
* Measured along floor with aid of a plumb-bob.

*+ Ievel by means provided in acoordence with CAR 04,91, -

II13
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Section 1. Comt'de Report No.
(B) Empfy weight as weighed includes the following:
(1) Class I Equipment= |
Tten Noo*** Neme _ _ Wbigét**

10 - Starter ) .21

11 " Battery 40

12 Eeater _ 2

13 Ventilator 4

14 Generator ) 20

15 Position lights -

16 8.50~10 wheels (Mfr. and model) Weights not
and 8,50-10 6=-ply tires =-=1 | required except

17 10 l/b ine streamline tail wheel--’ | when coptiomal

6 Instruments not required (list) wheels are used.

(2) Ttems for which approvel as Class II or Class ITI OPTIONAL equip-
ment is desired (end test equipment): ‘
' " Welght** Bor. Arm Hora
(Net increase) from Datum Moment

7 Wheel streamlines 24 71 1704
19 Flares (Type) 17 175 2975
4 Adje. metal prop. 70 lbs,

(Class I prop. is wood ' :
46 lbs,) 24 13 312

6 Optional instruments ‘

' not required (list) 15 60 ‘ 900

20 . Optional fuel capacity
70 gals. (2 tanks at
55 gals.) (Class I
capacity includes 2
canks at 25 gals.

: 33 lbs.) 16 90 1350
21 Radio
 Receiver (Type) and 30 60 1800
. antenna : B ,
Shislding {Type) 10 16 160
Bonding 10 50 500
5 ~ Ballast container ' ‘
and straps, etce 20 138 2760
Total optional : 165 - : 12461
(3)  Empty weight as weighed _ 2250 129,53 290925
' Optional Equipment _ =166 . . o =-12461
Basic empty weight : _ 2085 Xy 078464

X, = 278464 = Distance from datum to CiGe of
, 2085 airplane empty with all Class I items only.
* "0lass I Equipment™ (See CAM 04.0322).  List all such items even though
weights are not included. for some. -
ok All weights of equipment are installation weights. When weight listed is
net increase over Class I equipment, 1ist weights for both as noted for
propeller and fuel tarks above {items 4 end 20).
#3% Ttem Numbers to correspond with numbers used in Balance Diagram.
 II~4
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_ Page Ko
: Report Mo,
Section 2 - Most Forward CaG. Load Condition
{A) Loading as actually flown:
Item Ko. Name ] Weight Hor, Arm Hor. Moment
C - Empty welght as weighed 2250 12943 2903925
1" - 0il 5 gals, 38 51 . 1938
2 Fuel 20 gals. 120 90 10800
3 Pilot + parschute 22 5% g0 - . 20250
4 - Propeller (If other than
" noted in Section 1{B))
Be’ Ballast (incl, containers,
- streps, etc.) : - 100 80 8000
Totals 2733 -12C.8 329913
Datum to M A C lesding edge 102 102
Per cent of M A C o 18,8 = SO(MAC) 23,5%
Inches aft of lsading edge of wing 120.8 ~ 100 = 20,8 in.
(B) Loading substantisted by 2{4}:
Basic empty weight ) 2085 Xp 278464
1., 0il 5 galsa . ' 38 Bl 1938
2a Fusl 70 gals.** : 420 20 37800
B, Pilot*** ' 170 90 15300
3. Passengers (in front seat) e . g0 15300
3, Parachutes in front seats (2 at 20 1bs.) 40 90 3600
4, Propeller {heaviest %o be used)(70—46) 24 13 - 312
8, Optionel instruments 15 60 900
7. Wheel streamlines 24 ‘71 1704
2l. Radio equipment forward of most forward ‘ '
Cole limit
Plus other items of optlonal eguipment
oritical for most forward C.G. load
oondition for which approval as Class III
squipment. is desired.
' Totals We Tp*erk Mg

NOTES ARE PERTINENT TO BOTH SECTION 2 AND 3.

%

*ok

*sk ke

FaAK

QT ——— - -

Actual weight of pilot and perachute shall be used in Sections 2{A) and 3(4)

instead of standard weight of 190 lbs. (170 4+ 20).

Fuel substantiated shall be as follows: (See CAR  04,7211)

Ta) 1 gale for every 12 MAXIMUNM EXCEPT TAEE~CFF horsepower when minimum
fuel is critieal. ' :

(b} Full tanks when maximum fuel is eritical.

When controls are arranged in tandem and the aireraft can be flown from

either position, Section 2(B) will include the pilot in the front cockpit.

Similarly, Section 3(B) for the most rearward C.G. condition will include

the pilot in the rear cockpit. (Otherwise the airplene must be placarded

&ccordlngly)

Shall not exceed limits in Z(A) and 3(4).

11-56
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f
\ Aerodynamis center <
of upper wing

F: smsc;.m “I | '

é

R, is weighted average angle of zero lift

FIG, IO -
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AFPENDIX V
A SIMPLE APPROXIMATE METHOD OF

OBTATNING THE SPAMVISE DISTRIBUTION OF LIFT ON WINGS

1. SIMMARY

This appendix presents and describes & simple and rapid apprexizste
method for the determination of the sparmwise distribution of section
1ift coeffiecient cl* on wings, for use when a rational method is re-

- quired, One completely worked example and three additional examples
which compare the results obtained by this approximete method with
available theoretical methods are included, Limitations of the
method are given in Section 6, The method herein deseribed incor-
porates a tabular form for use in meking the necessary computations.
In practice, it is necessary to enter only 7 basic columns in the
table, and the remainder of the work is a simple routine procedure
which can be carried out by personnel with no engireering knowledge
of the principies involved, _

Res EASIC CONSIDERATIONS

Tt is well knovm that the 1ift distribution for any wing can be found
in terms of the wing 1lift coefficient Cr, the basic 1ift coefficient
Ciby and the additional 1ift coefficient cyay, as related by the
formula;

¢y = Oty * €1 | (1)

In order to determine the values of ¢, along the span for any given
design condition corresponding to a specific value of the wing 1lift’
coefficient Cy, it is, of course, necessary to know the values of
Cya, and cqp along the span. (It might be noted here that, if the
wing has no aerodynamic twist, cip = 0 and 6y = CIC1a;s) These may
be determined by the following approximate formulas which were
derived fram the results given in Reference 1:

Cla, ™ 1/2 [Z___g + i_:. [l -(S%)EJ | (2)

¥ See Section 8 for nomenclature,

FEN
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In using these basic formulas, the follcmlng values must be

determineds
a: 3
f aycdy
- o | _
ap = = (Mean value (4)
b/= © . of ag)
b/2 _ _
- aofedy . (Angle between wind
s . direction amd the (5)
ocRo = 572 - reference aXisS for
_ / a,cdy zero wing 1lift
o

(This is a simplifi-
"b; RT cation of formula (5a)
_ (5) for use when a,
is constant along
the span)

The computation of ¢,5, and ¢y is conveniently adapted to a
tabular form, the use of which is described in the following
section;

USE OF TAE UL.xR FOrM

The tabular form for computing the values of ¢1a, and ¢qp is shown

a.s Table 1. Brlefly, the usé of this Table consists of entering

e basic geometrical data required in columms ), ®, @, and .

3 entering the "multiplier" in column 3 entering the basic
adtodynamic data required in columns (€) and ; and then proceeding
with the routine computations as indicated in {he body of the Table,.
The value of cqg, is then obtained as column « The value of

Cqp 1s obtained as column @ s in case high 1lift devices are noi

used, anmd as column if such devices are useds The procedure for
using this Table will now be outlined:

Column (i)

Before entering the values of —’7"2 in this cclumn, it is necessary

to divide the semi-span into a conveniemt number of sections, and
then divide these sections into a convenient number of even parts,
Examples of this are shown on Fig, 1. It is necessary to locate
section divisions at the begimning of the tip region (See Fig, 1(1)),

V-2
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at the ends of high Lift devices (See Fige 1{R)), and at
points where there is an abrupt change in plan form

(See Fige 1(3))e These section divisions zre shown as
heavy lines on Fig, 1, The sections thus obtained are
then divided into an even number of parts as ;ndlcated in
Tige 1o (An even mumber of parts is necessary in order
o insure accuracy in the numerical integration which is
antomatically provided for in the Table,)} The values nf
- ™Y now be entered in colum @), taking care to emter

the 5;2— values at the main section division twice, as shown
in the mumerical example (Fige 3)e '

Column g:)

Enter the chord, ¢, in inches corresponding to the E}Z‘ value
on the same line,

Column g:)

Enter here the actual width in 1nches of the small d:l.vlm.ons
of the sem:.—span within the sectlon (See Fige 3)e

Colimn _@

Enter here a multiplier which, within a section, is & series
of the following form (Slmpson's rule for approximte inte-

gration):
It will be noted that the flrst and last terms of this seriss

are 4333, and the intermediate terms are a repetition of
1,335 and .667. Ixamples of multiplier values follow: -

' Two divisions: 333, 14333, #5333
Four divisions: %33, 14333, 667, 14333, 4333 :
Six divisions: -555 19355, ¢667 10355’ .667, 1.535, 0355
Bight divisions: 335, 1353, o667, 1@555, .667, 1,323,
. .667, 1.533’ .535

(See also Fige 3 for an example of this proceduree)

Column {:)

Enter here the slope of the 1ift curve, a,, for infinite aspect
ratio in Cp, per degree for the pertinent airfoil section (o

airfoil-flap combination)s Data for this purpose can be ob--
tained: from standard NACA reparts.

Column @

Enter here the angle of incidence, i, This is ’che angle
between the chord 11ne (the line used as datu for alrfoa.l

-3
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ordinates and angles) and the reference axis, The reference
axis can be chosen as any convenient axis in the plane of
symmetry, such as, the fuselage axis or the chord line of
the root chorde Care-should be taken in using the proper
sign for i, positive values being as measured in the sketch
below, (The sign of ey, is shown as negative in the sketch
to agree with NACA airfoil data where the reference line for
angles of attack is always the chord line., Therefore, con-
sidering only the geometry of the particular sketch, P is
obviously i 40, or using the sign and expression for B given
on the sketch, B =i- (~09,) = i +09, ).

Zero Lift Line

| % ,~Reference Axis

Solumn (:)

Enter here the angle of attack for zero 1ift, 0y, for the pertinent
airfoil section (or airfoil-sfiap combination), taking care to use
the proper signe Data for this purpose can be cbtained from
standard NACA reportse Computations can now proceed in accorde
ance with the instructions on Table 1, In cases where high 1if%
devices are not used, the final values of ci1a, and cyp for design

purposes are given in Columns @ and @, respectively.

When such devices are used, the oy, velues of Column sti11

apply, but it is necessary to fill out Golumns , @ , and @
in order to obtain the final ¢y (Colum ) vaTues Tor desigh

purposes,  Instructions for filling ot these colwmws are given
in the following section.

4, PROCEDURE FOR OBTAINII‘IG.cib T FIGH LIFT DAVICES ARE USED

When high 1ift devices are employed, it Will be found that the cyp -

values in Column have a sharp discontimuity at the end (s) of
the flap, as shown in the example problem, Fige 3¢ It is; therefore,
necessary to properly adjust these values in arder to obtain better
agreement with actual measured span distributions,

This adjustment process is performed by computing Column to

obtain ¢ype and plotting the values thus obtained against the semi-

span, Examples of this are shewm by the dashed lines on I'igs, 2 and
" ' V-4
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6. These curves are then faired as shown by the solid lines on
Fige 2 and 6, taking particular care to fair -in such a manner that
the total area under the faired curve is equal to Zerg. The values
of cqpc from the faired curve are then entered in Column and

the final ¢qp, for design purposes is obtained in Column @.

COMPARTSON EXAITPLES

These exsmples are included to show a comparison between the results
obtained by the approximate method cutlined herein and more exact
theoretical methods which have previously been shown to give satise
factory agreement with experimental resultse (Reference 1 includes
a large number of comparison examples which are of :in*berest.)

Example ﬂ

The wing planform of this example is shown in Fig, 2, The wing
has no aerodynamic twist, except that induced by the flap, which
is deflected 30°, This exammle is taken from NACA Technical
Report 585, page 3 (Reference 2), A table showing the compue
tation of Cra, and final ¢qp 1s shown in Fig. 3, fairing of eyye
is shovm on Figs 2, 2 table giving the computation of ¢, for a
wing 1lift coefficient Cp = 1.72 is shown on Fig. 4, and 2 come
parison of final values of ¢, ¢y and oy, With those obtained

theoretically by reference 2 is shown in Fig, 5. It Will be
noted that the agreement of the ¢y valueg is very satisfactory
for design purposes,

Example #2

The wing planform for this example and the comparison curves
of ¢, are shown on Fige 7. This wing has no aerodynamic twist,
1% will be noted that the agreement of the approximate method
with the theoretical results is satisfactory for design purposes,
(The Cy, value of 4,52 for this example 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 proportioned to those shown on the Figure,)

Example #3

The wing planform and comparison curves for this example are
shown on Fige 84 This wing has a straight center-cection, a
root to tip chord ratio of 4, ard an aerodynamic washout of
& degrees, The 1ift coefficient of the wing, Cyy 1S 0u687. 1In

this case, a comparison is made between the % values given by

the approximate method and the theoretical curve from NACA
Technical Note 732 (Reference 3). (It will be noted that the
value 9}3_ is directly proportional to the load per foot of span

b2 ' :
acting on the wing,)

V=5
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Example #4

This comparison example is shown on Fige 9« The flap deflection
is 60 degrees, the ailerons are in neutral position, and the
wing Cy, is 1.716,

The theoretical curves for ey, cig, and cyp are the same as

those shown in Fig. 7=4, page 7-44, of ANC 1 (1). It will be
noted that the agreement of the a.pprox:mate method with the
ANC 1 (1) theoretical method is entirely satisfactory for
structural design purposes. Fig. 9 also shows a comparison
of the c¢iec values of the approximate and theoretical methods.
(The term e¢y¢ is directly proportional to the load per foot of
span acting on the wing,)

CONCLUSI ONS

On the basis of the comparison examples contained herein and many
other comparison examples which have been completed, it is cone
cluded that the approximate method given herein of computing '
sparwise distribution of ¢q is satisfactory for structural design
purposes, prov:.ded that:

l. The aspect ratio is within the normal range of values
(say from 5 to 1R), and,

2.' The wing has reasorably rounded tips, if the taper ratio
is greater than 0.5, (This restriction as to rounded
tips does not apply for taper ratios less than o5.)

In cases where the wing does not have reasonably rounded tips and,
at the same time, the taper ratio is greater than .5, the approxi-
mate method can also be used provided that an empirical tip core

rection such as is outlined in paragraph 1,32 of ANC 1 (1), "Span=

-wise Air Load Distribution" is employed. This method is. considered

satisfactory for any amount of aerodynamic twist that may be en-
countered in oonventzonal des:.gl practices
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NCMENCLATURE

s Wing area, square inches

b Span, inches

¢ Chord, inches

c Average chord, inches ( = S/b) |

¥y  Distance of a partlcula.r station from cen'berln.ne

of wing, inches
Cr, Wing 13t coef_ficient

Cla, Additional 1if coeff:l.clent for a sec'blon vwhen

wing (‘-.- e 1.0
wing Lel

6, Additional 1ift coefficient for a section ( = Clerg, )
&y Basie lift mei‘f;clent for a section due to aerodynamie
twist, when wing is operating at zero llf‘br
| ¢y Seétion 1ift coefficient { = ca * "c\b)
oy,  Angle of attack of a section for zero 1ift, degrees
i Angle between the chord line and the reference a.x:.s,
~ degrees (see sketch on page 6)
g - Angle between the zero 1ift line and the reference axis,

degrees (see sketch on page 63 note that B = i —0typ)

Angle between reference axis and the wind -:‘l.:'rect.ien,
degrees (positive when the reference axis is so inclined
to the wind direction as to produce positive lift,
assuming (for this purpose only) that the reference axis
acts as a zero lift chord line on airfoil section)

LI
)
o)

OGRO Angle between the wind direction and the reference axis
' when the wing is operating at szero 1lift, degrees

ola Angle between the zero 1ift line of a section and the
®  wind direction, degrees (M, wOCR + B)
a Lift curve clope, CrAlegree

o Section 1lift curve slipe, ¢ /degree (slope of graph of
Sy VS 06 ) . .
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a e — b , _
. :
r\’_\{*“r‘- I SUQQESTED DIVISIONS
I [
Ao a = 8§ even parts
l ) b = 4 even parts
- {1)

STRAIGHT TAPER - ROUND TIPS

| .
1 a = 4 even parts

A b = 4 even parts
i , t = 4 even parts
— ‘
_____J___J_'_-J-—-—-'-—“‘ .

(2) _

STRATGHT TAPER - ROUND TIPS - FLAPS

— g b _ J"c
AT T

by | t'= 4 even parts

a2 = 2 even parts

, _ . ¢ = 4 even parts

(3)
REVERSE TAPFR - ROUND TIPS

EXAMPLES OF WING PLANFORM. DIVISION
| FIG. |

V-8



CIVIL AERONAUTICS MaNUAL 04-App V

20

CC

-0}

~-20

—
~
b > a
. Iap¥R RATIO = »625
- ASZCT RATIQ = &
PLANFORM E
—
____________ 1
| .
- Caleulated ojp¢ (From coluan @ of Table 1)

s = Fairad ¢qu6 (T¢ bo. entored in solumn 5 of fable 1)

L 1 ] Al 1 ] } L i |

i
]
! .
I
1
]

o o e ——

FAIRING THE CURVE OF _lec_iu% o

~ COMPARISON EXAMPLE FROM NACA TR.585
FIG. 2
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