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PREFACE 

The Air  Commerce Regulations, cflective as amended June  1, 192S, 
nrhich establish the factors to considered in determining the a,ir- 
worthiness of a.irpla.nes are a,s fo l lo~rs  : 

See. 10. Airworthiness Requirements. 

(A)  ~ r n l r . o x ~ r r 1 ~ ~ s s  F.~CTORS.--I~ cletermining the ail.rnorthiness 
of airplanes the follonring factors are  talren into considera,tion : 

(1) The  st~.uctural strength of wings, a.ilerons, t.ail surfaces? fuse- 
lage including engine mount, fit.tings, control syste~n,  ancl landing 
gear. as sho~rl i  by stress analyses. 

( 3 )  Cockj~it, ca11i11. :1nd c*ont.rol a.rrangements. 
(3 )  Pomer plant. and power-plant. installation. 
(4)  Equipment. and ~~~~~~~~~~~~~~s. 
(5)  Propellers. 
(6)  Design of iittings. 
(7) Materials and workmanshi~p. 
(8) Flying characteristics a.nd qunlit,ies. 
Certain of these it.ems mag be demonstrated by the~re t~ ica l  analg- 

ses and dramings, others by visual insl~ection, ancl others by test.s. 
(B) LOAD-FACTOR REQT. ' I ,REMEKTS.-~~~~~ load-fact,or requirements 

for  the structural rneinbers of a n  airplane sl-tnll be determined as 
follows : 

(1)  FI:c/in.,q col/difio~l.s.-Fig~~re 1 hereof, and hereby marle a. par t  
of these repdations, sllall be used t.o determine the load factors for  
the high angle of att.aclr condition of lantlplanes ancl float-typr ser 
planes. Reference shall be made to it. ancl t.he factor ohtairicd fol 
the appropriate ~veight  and hol.sepower loading, the factors for g~os;  
~veights which lie: be,tween 2,500 and  12,500 pounds being determined 
by interpolation between the appropriate c ~ r \ ~ e s .  Fo r  multi-engjned 
a.irp1anes t,he horsepower to be used for  computing the loacling in  
pounds per horsepower s l~a l l  be t ha t  necessary to mainttlin level 
flight ~r i t , l l  full load a t  sea level. F o r  flying hoats ant1 amphibians 
of 5.000 pounds gross weight 01. less the  fact,or for  5,000 pounils shall 
be used; for  gross meights in excess of 5.000 pounds the factors 
shall be. those indicat,ed by the actua,l weight and power loading. 

I n  the low angle of attack c,ondition the load factor shall be 65 per  
cent of the high angle of attacli factor, but. in no case less than 3. 

Fo r  the inverted-flight and nose-dive. conditions the 1oa.d factor 
shall be 40 per cent of the high angle of attacli factor, but  i n  no case 
less than 2. 

(2) L a d i n . g  conditions.-The load-factor requirements fo r  land- 
ing conditions shall be obtained fro111 Table 1. I f  the lancling gea.r 
is  desipned to absorb landing  shock.^ by the flow of I! liquid throuph 
an  orifice ( the oleo or oleo-pneumatic type) ,  the design load factors 
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'or the landing gear may be reduced by not more than 25 per cent 
,m those shown in Table 1, but suitable provision shall be made to 

. carry taxiing shocks after the absorber has been forced to the full 
extent of its travel. - For float seaplanes the floats and the members to which they are 
attached, includinu the " carry-throuuh " tubes in the fuselage, shall 
be designed for  a Factor in landing OF 8.0. 

The shock absorber in the chassis of a landplane or amphibian shall 
be designed to absorb the energy generated by a free drop of the air- 

FIG. 1.-Load factors-High angle o f  ettaclc 

For  flving boats and amphibians of 5 000 pounds gross weight or less use the  
5 ,000-~o ind  gross weight fnctors. ~ol.&?power loading shall be based 'on rated 
enaille hovsepower except tha t  fnr multi-engined airplanes the  horsepower shall be 
taken as  tha t  necessarv to  mnintain level flight with full load. 
NOTE.-It is t o  be 'noted that  the load. fnctors given in th i s  char t  a re  not  suf- 

ficiently hipb to conform to the  iuternational requirenlents throughout the ent i re  
range of horsepower loading. hianufacturers designing airplnnes for export should 
take into account the  load factors and design requirements of the  country to  which 
the  airplane is to be exported. 

plane from the height specified in Table 1 without subjecting the air- 
plane or landing gear to forces greater than those corresponding to 
the load factors for landing. 

The tail-skid shock absorber shall be designed to  resist a free drop 
in  the three-point landing attitude equal to that shown in Table 1 
without imposing loads on the tail skid or fuselage greater than those 
corresponding to the load fact,ors for landing. 

( 3 )  Tail surfaces and a,ilerom.-Tail surfaces and ailerons shall 
be designed to withstand the loads specified in Table 1. 
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2,500-pound or less ---..-.--.... 6. 5 24 30 
5,Wpound.. .. ..-. -------.---. 75 per cent of load required on hori- 
12,500-pound- -.. . .. . . . -. -. .. . . . zontal surfaces. 
12,500-pound or over - - - .. -. .... 

Class 

( 4 )  Seaplank floats and boat hdTs.-Flying-boat and seaplane- 
float bottoms shall be designed to withstand, without permanent set, 
the following loads : 

(a )  Eight pounds per square inch over that  portion of the hull 
lying betmeen the first step and a section 25 per cent of the distance 
from the step to the bow; ( 6 )  4 pouncls per square inch from that 
section to a section a t  75 per cent of the dista.nce from the s tepto  the 
bow ; (c) 4 pounds per square inch between the first and second steps ; 
and (d) 4 pounds per square inch between the rear step and a section 
50 per cent of the distance to the stern. I f  but one step is used, this 
load shall extend over that portion of the hull between the step and 
a section 50 per cent of the distance from the step to  the st,ern. 

The submerged displacement of the main floa.ts shall be a t  least 
190 per cent of the full load of the airplane. Main floats shall be 
divided into a t  least five wa.ter-tight compartments. 

I n  designing the bow portion of the hull due attention must be 
paid to theSeEect of striking floating objects. 

(C) CONTROL srsmnf.-The control system shsll be designed to 
withstand a load of at  least 300 pounds in a. fore-and-aft direction 
and 150 pounds in a. lateral direction applied a.t the grip on a sticlr 
control; on a wheel control i t  shall withstand a t  least 300 pounds ir, 
a fore-and-aft direction applied at  the center of the wheel and a 
couple equal to 125 pounds times the diameter of the wheel applied 
tangent to the rim of the wheel. The rudder controls shall be de- 
signecl to withstand a load of not less than 300 pounds applied at  
the point. of contnct ~ i t h  the foot. On  airplanes ha.ving .a gross 
weight of 1,000 pouncls or less, t.wo-thirds of the above values may be 
used. I n  any case, the strength of the control system shall be stxffi- 
cient to withsta.nd loads on the control surfaces 25 per cent greater 
than those specified in Table 1 for the design of the surfaces. The 
entire control system shall be so designed that the .rudder, elevators, 
ailerons, .and other movable parts thereof will not ja'm, and, if 
necessary, control stops shall be provicled to prevent it. 

Dual controls on airplanes carrying passengers for hire shall be so 
constructed or arranged. as to prevent passengers from interfering 
with the course of flight of the airpla,ne. 
(n) CONSTRUCTTON OF COCI<PIT 4 N D  CABIN.--T~B cockpit O r  cabin 

shall be constructed to  afford suitable ventilation, a,dequate vision to 
pilot under normal flying requirements, and reasonable protection to 
pilot and passengers against possible propeller breaka~e.  

Closed cabins of airplanes carrying passengers for hire shall have 
not less than two exits, affording masimum ease of operation. One 

~~~:~~ 
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of such exits may be an emergency exit, in which case the size, loca- 
tion, and method of, operation shall be subject to the approval of 
'the Secretary of Commerce. 

( B )  POWER-PLAXT RI~JQUIREME~ 'TS . -E~~~~~S  which have passed 
the regular endurance tests of the United States Army Air Corps 
or the Unitecl States Navy Bureau of Aeronautics will be approved 
by the Department of Commerce. Other engines submitted for ap- 
proval will be tested by the Department of Commerce a t  the Bureau 
of Standards. 

The log shall include the following : 
Piston displacement, compression ratio, type of ignition, carbu- 

retor and spark plugs; barometric reading and complete list of 
instruments and apparatus used for the test. The lengt,h of brake" 
arm and gear ratio if propeller is geared slid1 also be given. The 
test shall be such as to develop the folIowing data : 

(1) A plot of power de~leloped a t  various revolutions per minute 
with the throttle wide open. 

(2) Record of log showing readings, a t  approximately 30-minute 
intervals, of- 

( a )  Revolutions per minute. 
(6 )  Brake load in pounds. 
(c) Oil pressure and temperatures. 
(d) R7ater temperatures. 
(e) Air temperature at  carburetor intake. 
( f )  Blast relocity. 
(g) Maximum cylinder temperature, head ancl barrel. 
(h) Manifold depression in inches of mercury. 
( i )  Fuel time in seconds for at, least 5 pounds. 
( j )  Oil in pound:. 
(k )  Brnlre horsepower. 
( T )  Remarks, including breakages ancl replacements. 
The 50-hour endurnnce test shall be run in 10 five-hour periods. 

During the first 5 hours the engine shall be run with the throttle . 
wide open, the speed being at  least equal to the rated speed ancl the 
power being a t  least 10 per cent in excess of the ra,ted power. Dur- 
ing the remaining 45 hours the engine shall be run at  approsimntelg 
rated speed and the horsepower developed should at  no time be 
less than the rated horsepower. 

(3)  Photographs showing set-up of the testing apparatus used 
and of any parts which failed or showed excessive vear. 

(4)  List of instruments ancl zpparat,us used. 
(.i) After completion of the test, and a complete tear domn, a 

report of detailed inspection of engine parts. particular attenti011 
to be paid to excessive wear and signs of failure. 

An engine, after successfullp passing t,he required block tests, 
shall be installed in a.n airplane, and given actual service tests. 

A newly constructed engine of a t ~ p e  and design which has been 
tested in accordance with the provisions hereof must not be insta,lled 
in  an airp1n.n~ unt,il bench tested for at  least two hours, during at  
least, one-half hour of v l ~ i c l ~  the engine lllust be run at  full throttle. 

*4n engine which has been in stora,re for more than one year must 
not be installed in an airplane. until it. has been reconclitioned in 
accordance with accepted safety practices. 



A reconditioned engine must be run fo r  a t  least 20 minutes a t  
ful l  throttle before i t  shall be used i n  propelling registered aircraft  
carrying persons or property for  hire. 

( F )  POWER-PLAXT I X \ ' S T A I ~ I ~ A T I O N . - ~ ~ ~ ~ ~  nvi.t,er-cooIed engine in- 
stallation a fire wall of t,erneplate, g ~ l v a n i z e d  st,eel, asbestos-nlumi- 
num combination, or equivalent thereof, shall be installed, i n ~ u l a t ~ i n g  
the engine section from other par ts  of the  airplane. A l u n ~ i n ~ l m  
or  aluminuin-alloy fire walls will he satisfact.ory fo r  air-cooled 
engine installations. Openings inade in the fire wall to  allow the  
passage of p i l ~ e s  or mires sliall be provided with suitable glands or 
gaslcets. 

Carbllretor air  intakes inust open outside the cowling and shall be 
suitably clrainecl. Exhaust  manifolds shall be instnllecl outsirle of 
cowling unless s1)ecifically :~ntlio~~izctl  by the Se,cre,targr of Commerce. 

r 7 . ~ l i l ~ o t ~ l c - c o n l ~ ~ o l  :lnd ignition s~\-it,c.lles on midti-engincd a i r p l a n ~ s  
s l~nl l  he :~rrnnpctL to liernlit scp:lrnte :1nc1 s imulta .neo~~s contl.01. 

Suilaljle ventilation s1l:ill 11e pi~ovitlt~tl for  thtt engine con~p:~r.t.iucnts. 
Air-1)1'~ssure ,cai;nlinr-fed ~ys ten l s  sliRl1 llot Le usetl nritl~nut ap- 

1~rov:~l  o r  ill? tlc1):il,tll1t~nt. 
Airp1:lnes c:i~.r.yi~ig 1)assenpers foi* hire shall have inst.:illccl an  

aclt.q~~iit,e i.eser-ve-g:~solirle s l ~ l ) l ~ l y  t.ank, 01- snf ; isf i ic to~~~,  rcli:~l,le alrp:~- 
rntas for- intlicilting tt.o tile piloi n tlel~lction of tile g ~ ~ s o l i n e  s ~ ~ p l ~ l y .  

( G )  Pito1~e~.1,1;.1ts.-I'r01~(~ll~r~s 1~7llicll sntisfy any of tllc follo\ring 
requir.en~i.r~is n-ill 1)c :~cccl~tablc : 

(1) Designs from 1v11ic.h :I l~ropeller has been flown f o r  150 l lol~rs  
n-itl~out fail~ii,c+ on :In enyjne of equ:tl 01. gl,r:lt,rr 1101ver tllnn tha t  
fo r  mliicll tlic al,l>r-oved ra t ing is songht. Aflidavit specifying t l ~ e  
n u ~ n b e ~ t  of 11oi11*s of sat,isf:~ct.~r~y se~*vicc on a given e~igiile ant1 air-  
cra.ft>, the naiilc of t l ~ e  ol~el-nt-or. operat,ing firm. and otller pertinent 
(la!#a. sllall be So~.\var*tl(~c.l t.0 ! , h ~  Sc>crrt:iry of C o ~ ~ l r ~ ~ e r c c ,  togc:ther nlitll 
deta,ilecl tlr:lwin,z.c: ()-I' t l ~ c  ~ I ' o P c I I F ' ~ .  

(2)  Designs 1vliicl1 crilLot1-y only nlinor modifications from pro- 
pellers accel~tecl niid ~ ~ a c t l  1)y t,l~c Unit,ed Stntes A r n ~ y  or W:~vy, the  
contract.or to stat-e specifically tlle clepnrture, if any, from Govern- 
ment design. 

(2 )  Deslgli$ 1vl1icIl are nl-q)rovecl clesi,cns, cut; down to  smnllcr 
rlinr~~et.ers \vit l~out reclnction of the m a s i ~ ~ n u i n  ordinates, excc.pt in  
t l ~ e  i~nrnetliat e r~eigl~borhood of tllc tip. 

I'ropellers not in accordance v i t h  the  foregoing shall be t-estetl 
in the nlaruner ~ ) ~ ~ c s c r i b c d  by tlie St~cr.et::~r~y of C>omlnerce. 

P r o ~ ~ e l l e r s  nlust hnvc a ground clearance of n.t least G inches ~ v h e n  
the airplanc is in a 1lc)rizontal position. 

O n  multi-engi~iecl airplanes a clearance of at  least; 1 inch intist be 
pr~)vidc.cl betn~een the t ips of the propellers and the fuselage or any 
1,:irt of the structure. 

T h e  scats sllall be so arrnnge,cl tha t  11ilots and passengers are 
more than  12 incllcs for\~.arcl or a f t  of t h e  propeller clislrs. Sur-  
faces near the  propeller t ips  must be suitably stiffened against 
vibration. 
(13) PERPORI~AN~E RECJ~;II:E~~J.;XTS.-(~) The  following fii ,~rl~t tests 

~ v i t h  t,he desig11 gror;s 1o:ld s l~a l l  I l c  rccjui1.t.d : 
( 0 )  Gener:~l fli,cht. n ~ h i c l ~  inclucles :1 half-hour flight test ~ v i t h  frill 

load, to deterniine stability. 



( b )  General maneurernbilit,y. wliicl~ i~icludes, amone ot11e1- t,hings, 
a f l i ~ l l t  wi th  full  lo:\cl arouncl t.wo pylons or  buoys 1,500 feet a.pxrt, 
malclng live successive iigure S's a t  1,000 feet, wif.1iont varyi1lg more 
than 200 feet. in  lieight i n  a. ra.dins not to  excec~l t.he fo l lo~~ing- :  

F i r e  liundrecl feet fo r  airplanes of ful l  load not in excess .of- 
5,000 pounds. 

Seven h~~nt l rccl  ancl fift,y feet fo r  airplanes of full  load oxier 
5,000 ljountls :i~lcl not in excess of 12,500 pouncls. 

0 1 . 1 ~ .  thousancl feet for  all ot>her ail-planes. 
(8) Tlie landing spced s l ld l  not  exce,ecl (jC)- miles per hour mlllen 

t,he ailplan:: is ])l.o\-ided ~r i ( rh  a b r a l ~ i ~ l g  cde,rice, or  50 llliles per l1ollr 
~vlien  lot so provided. Landinji spcp(l 1rla-y be assumed cclilal to the 
cal(.ulat'c~tl st,;~llinji speetl. If the forepoing 1:lntlirlg sr;pecds are  es- 
ceedecl. the follo\ving flight t,ests nlill ful l  load sllall be 1.equirecl: 

(a,)  Ta.ke-ofT wit l r~n 1,500 feet.. 
( b )  Climb a f  least 23U foc:t llle fil-st minlllc :ifter t:ilii~iq off. 
(c) La.nd, comi~lg to n fill1 s (op  wit.lio11t t rx t (~~~l : t l  aid. within 1,000 

feet from the poi1iL ~1111el.e the lancliiig gear first t.ouclles the lantliilg 
area. 

( 3 )  Tests :ire t o  I)(. ca l ( :~~l :~tci l  llllon the  basis of a.ir of n specific 
~ e i p l i t  of 0.07635 nncl st,ill-air c:o~~rlit,ions. 

(4 )  Tlie al)l~lic.nnC ~iiust, ?)i.oi.icle t l ~ e  l j c ~ ~ s o n  t,o ~n:llre the f l i ~ l ~ t  
tests, but a.11 inspr(:tor fro111 t.lie Uc]>:lrtn~ent. of Commc~*~.c  niay pilot 
the airplane cluril~g such pnrts of tlic t.ests as may be clce~~~ect ileces- 
snry. 

(5) K o  l?cl,sons ollicr than tllc crev7 iirccssary t.0 c:ontlnct tlxe flight 
shall be cnl~i~icd tlnl.i~lp ~>~.l .fol ' l~~ilnt 'e tPsts. S:I.II~ or  silni1:1r I)i~ll:ist 
shall be carried 11.9 a substitute for tlie passengers o r  c : q o  orc1in:~rily 
carried as l)ay ioatl. 

( I )  I<~ml~i\.rl. '~?. nKr) INS'I'IITMEXT R E Q ~ ~ I I . : R ~ E X T S . - T ~ ~  ec~uil3merlt 
:ind inst,l*nnlents required, ~ ~ ~ l i i c h  must bc sel-ricenble and in operating 
condition. a1.c: 
(1) Ep!~il~~,~c7~~t.-(cr.) Fk-estin,rruisli ing cqnipment, of clcsi,:~~ ap- 

~ ~ t ~ o v c d  by tlie ,'icc~.etnry of Con~mrrce.  C'iil~in air1)l:rnes c ; l ~ , ~ * y i n g  
1~asscnqe1-s for  11i.1-c+ must be ec1uipprcl with a t  least olle portable es- 
tinguisllcr :tcc~cssil~le t.v 1.lie p:isse,llpel*s. 

( 6 )  First-aid kits on airplanes c.a.rryin,c passrnFr1.s for  ]lire. 
( c )  Safety belts or equi~xlcnt .  app:imt;us for. pilots and lxlssengers 

in 01-)cn-coclrpit airplanes carlying p a s s e n p r s  for  hire, Seats or  
chairs in cabin planes s l ~ a l l  be fil.mly seculxl i n  place. 

( c l )  Elext,ricxl equipment. and  installation must be al)l~rovecl by 
the Secreta1.y of Commerce. 

(2 )  /7,.~t~y~7rnm7.t,r.-(n) Tachometer fo r  each engine. 
(Z,) Oil-pressure gauge where oil-l)rc:ssure systems are  employecl. 
(c) M7ater thermomet,er for  water-cooled engines and oil ther- 

mometer for  air-cooled engines. 
( c l )  Alt,irneter. 
(3) G O ~ ~ L ~ M , S S  ?-eyU;i~enben,t,s.-An airplane flying cross country 100 

o r  more miles and an airplane, including a seaplane, operating over 
lar,ge bodies of water bej7ond the sight of l and  must be equipped with 
a compass. 
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(J) MANUFACTURER'S IDENTIFICATION DATA.- (1) The da'te . , of 
manufacture or da.te of remodeling and the name of the manufact.urer 
or remodeler, together wit'h the manufacturer's serial number a,nd 
type of engine, must be permanently affixed in a visibl'e location by 
means of a metal plate in t,he pilot's cockpit or compartment,.of each 
airplane, in orcler t,hat i t  may be distinguished from all other air- 
craft. 

(2) The following specifications shall be stenciled or ot,herwise 
displayecl on the outsicle of the fuselage or cabin a t  a point adjacent 
to the entrance into the coclrpit or cadbin in such manner as to be 
rea.dily risible to persons proposin,g to enter the same: Over-all spa,n.; 
over-all length ; weight empty ; use,ful 1oa.d ; gross weight ; seating 
capacity, exclusive of crew ; pasoline capacity ; oil capacity. 

(3 )  Upon airplanes manuiactured under an  approved type certifi- 
cate the manufa.cturer thereof may display the insignia shown here- 
with, in conjunction with the above data. required ,to be stenciled on 
the airplane. 

The insignia, if used, sha.11 be 16 inches in width and 3 inches in 
height and sha,ll be ident,ical with that shown except that the name 

DOE AIRCRAFT MFG.CO,INC. 

C \ I 

\ 
I 

J' 
1 

....--.......... .................. h l l  wn .. Ft In. 
a k h  Ft. In. 
,WcYcightemply .. Lbs 
Useful I m d  .. Lbs 
G r m  wc*ht ................................... Lbs. 
Seat#% capacl tyexclcJivedm# P m  
Gasoline capacity Gals. 
Oil capacity Gals. 

of the manufacturer shall appear above i t  in the manner indicated, 
and the number of the approved type certificate under which the 
identical airplane was manufactured shall appear in the circle there- 
of. The stenciled data shall appear under i t  in the manner and 
proportion shown. This insignia shall only be used on airplanes for 
vhich application for license has been made, or for which license 
has been issuetl, and must be obliterated in the event the airplane is 
subsequently disapproved for license. 
Sec. 11. Approved Type Certificate, Requirements for. 

(A)  L ! ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ . - A  manufacturer of airplanes. engines, or pro- 
pellers in quantities and of an exact similarity of type, structure, 
materials, assembly, and workmanship may, at  the option of the 
manufacturer, file with the Secretaq of Commerce an application 
under oath for an approvecl type certificate accompanied by the data 
specified. in duplicate. The aesign or test data must bear the signa- 
ture of the responsible engineer. 



(B) AIRPLANES.-In order to represent the structure of an air- 
plane satisfactorily the data s~zbmittecl shall include- 

(1) A general assembly drawing of each wing, with the sizes and 
locations of spars, drag stxuts, drag wires, leading edge, trail'ing edge, 
and members supporting the ailerons and controls clearly indicated. 

(2) Drawings of a typical rib, showing method of attachment to 
the spars and leading edge. 

(3)  Line diagrams of the external wing bracing, showing truss 
dimensions, sizes of struts, and wires. 

(4) Layout of the fuselage structure, showing sizes of all mim- 
bers of the primnry structure. 

( 5 )  Drawings of the tail surfaces, showing sizes of syars, tgrque 
tubes, internal and external braces, location of hinges, and masts. 

(6)  Chassis dra.wings giving a layout of the landing gear that 
sho~vs sizes of struts, axle, bracing wires, shoclr-absorber spindles, 
spreader tubes, and other important members and the method of con- 
necting them. Drawings of the tail skid, showing the skid, its con- 
nection to the main fuselage structure, and the method of steering it, 
if any. 

(7)  For  seaplanes, drawings of the floats, showing their lines, 
genera.1 dimensions, and a layout showing sizes of struts and wires 
and method of attachment, to the fuselfge. 

(8) Detail dra.wings of the mechanisms used to adjust the stabi- 
lizer, fin, wing flaps, or similar surfaces while in flight. 

(9)  Drawings showing the main wing fittinus and the control 
system are required. The analyses must cover %e investigation of 
the strength of the main members of the wings, tail surfaces, landing 
gear, including tail skids, fuselage, fittings, and control systems for  
the load factors required in section 10. The analysis of secondary 
members carrying heavy loads and the investigation of main members 
subjected to eccentric loads are required. 

(10) Stress analvsis of the control surfaces and control systems 
map be supplanted by tests made on these units. assembled as in 
flight, if the tests show that. the unit will carry 125 per cent of the 
design load, and if the stick, rudder bar, etc., withstand the loads 

. specified in section 10 (C).  
(-11) The stress analysis shall state the material used for members, 

whether or not i t  is heat,-treated. and what physical properties are 
guaranteed, not assumed, by the manufacturer. I f  metal members of 
special design are used, test data showing their strength properties 
under loads similar to those to which they will be subjected in the 
structure must be submitted. 

((7) E ~ c ~ x ~ s . - - D a t a  on engines, showing tha t  the requirements of 
section 10 (E) and (F) have been compIied ait,h, and a. complete 
set of dra,wings, must be submitted in duplicate by the engine manu- 
facturer when applying for an approved type certificate. 

(D) PROPELLERS.-Data on propellers, specified in section 10 ( G ) ,  
and a. complete set of drawings must be submitted ir, duplicate by t'he 
propeller manufacturer when applying for  an approved type cer- 
tificate. 

(E) INSPECTIOX AND FLIGHT TESTS OF AIRPLAKES.--If the submitted 
design is approved and the aircraft meets the requirements stated 
herein, it will be inspected for exact similn.rity with the submitted 
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design and specifications. Upon passing such inspection, the air- 
plane must undergo the flight tests prescribed in section 10 (H). I f  
such tests are passed, an approved type certificate will be issued to  
the manufacturer. 

( F )  CONSTRUCTION UNDER APPROVED TTPE CEP,TIFICA~.--T~~ ap- 
proved t,ype certificate will be issued upon the condition that each 
quarter the manufacturer will file his affidavit with the Secretary of 
Commerce, showing the number of airplanes, engines, or propellers 
constructed under the approved type certificate during the quarter, 
with a statement that no airplane, engine, or propeller is being c,on- 
strutted, under such certificate, deviating from the terms thereof .... 

(G)  C H A N G E S . - - C I I ~ ~ ~ ~ S  in airplanes constructed under an ap- 
proved t,ype certificate are permissible, with the approval of the 
Secretary of Commerce. 

(a) ~IANUFACTURER'S AFFIDAVIT.-Upon the. sale by the manufac- 
turer of airplanes of ?n  esact, similarity of type, structure, materials, 
assembly, and workn, nsllip with +he specimen for which the ap- 
proved type cel.t,ificate i issued, the mnnufactul-er map deliver to the' 
p~.~rclixser a n~ani~factur> 13's affidavit, copies of- which will be fur- 
nished the manufacturer upon request. 
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SECTION I. AIRPLANE STRUCTURAL ILEQUIREM-ENTX 
AND RECOMMENDED PRACTICE 

1. As a rcsnlt of the discussiol~ I:,efore n committee of c,n~inccring 
re]-,r~csel~tatives of the aircraft manufnctu~~ers  and 1l1e I)el,:~~.trnc.lit, 
of Commerce:. 211: tlle aerona.ut,ical conference held 13y the c1cpnr.t- 
ment. in  TTasliir~gton during December. l92 i?  i t  was i~nanimunslp 
decided that  the following set of ~ x l e s  embodying tthe ~.equi~,e~nents  
fo r  structul.ally nir\\~orthy a i r~~ln i ies  sllould Le issued by the drpal t-  
ment, so that the inc1ustr-y migllt, haye a puicle as t,o v h a t  will Lo 
l-ec!uil.cd 011 new designs. I t  was fully ap1)reciated that  it, vould be 
iml)ossible to c1c1,elolj a sct of ~-cquiren~ent.s t.hat nroulcl :11)111y to all 
types of airplanes, so an effort. ~v:is made to draf t  the requirements in 
such a. \Tray that: tliey ~vou1cl apply only to con\-ent.iona1 types 1~711ich 
11-lay be licensed hy the delx~rtment  for cn.rrying persons or property 
fo r  hire. 13Tit1~ tile const,nnt ac1ranc.e~ being made in the sciencc 
of ariation. new types of aircraft  and ncw types of construction 
11-il1 cloubtlcss be clel~elopccl tliat can riot be. made to conform with 
any rigid set of 13nles. In  cases where the cle,~.iatiori from conven- 
tional pract,ice is but slight. the clepartment will consider approving 
the :iircraf t if suffic.ient e~yidence is  sulslnitted t o  enable the depart#- 
~ n e n t , ' ~  en,sinec+rs to  det.ermine whether o r  not the proposed deviation 
will affect. the airnrorthiness of the clesign. Where the deviation 
f r o ~ n  convent,iona.l practice is marlred, the dspartment may grant  a 
special aircrxft I.icense, so t . h ~ t  c,acl.i case may be ndjudgecl on its 
merits. S i ~ c h  aircraft  will, by t,lieir ~ ~ e r ; v  na.ture, be esy)erimental 
and as s11cll call not be licensed Soy gener:ll cc~l~~mercial  use until their 
a i ~ ~ ~ ~ o r t 1 ~ i n c . s  has been established. Tile drl-jartlnent has no ilesirc to  
hanl l~er  ilc~relo])~nent. by ~ ~ e q u i r i n ~  t ha t  aircraft  collfornl i n  every 
respect to the rules given in tile folluwing pages. 

1 



2. These rules are based on the present clevelopment in the science 
of airplane structura.1 design, and experience indicates that  when 
applied to conventional types they will give a. safe and we1,l-pro- 
portioned structure. I n  developing unconventiona.1 types of structure 
ihese rules may be used as a guide in determining the general strength 
requireme~lts, but i t  is fully appreciated that t,hey can not be rigor- 
ously applied. 

3. The procedure followed by the department when approving 
clesigns for a. manufacturer's approved type certificate is as follows: 

The  drr,~ving-s, which the  manufacturer is required to furnish in 
cluplica,te, are examined for devia.tions from what is considered good 
pra.ctice, and t h e j ~  are then checked against the stress analyses to 
ascertain wl~e t~ l~e r  or not the structure investigated conforms with 
that- to be built. 

The stress a.nalysis, which is also required to be submitted in  clupli- 
cate, is checked for errors of assumption, for deviations from the 
approved methods, and for errors in arithmetic. I f  the strength 
of the struct,ure is shomn by the. anlayses to meet the requirements 
listed in part 2, of Section I, herein, and if no deviations from wha.t 
is commonly accepted as good ~ r a c t i c e  are noted, the structure is 
ani>rc)v~rl. 
--L- 1- - - - --- 

I f  the submit,t,ed design is approved and the aircraft meets the 
re.q~~irements sta.ted herein, i t  will be inspected for exact similarity 
to the submittecl design and specificatic)ns. Upon passing such 
inspection, the airplane must undergo the flight tests prescribed in 
paragraph 11 pf this part  1. I f  such t,ests are successfully accom- 
],lishec? and suit,able manufacturing facilities are in  evidence, an 
approved type certificate n~il l  be issued. 

One set of t,he dravings a.nd analyses is then impressed with the 
seal of the Department of Commerce a,nd returned t>o the manufac- 
turer to bc used in the construction of his airplanes. The duplicate 
copy is p l a c ~ l  in the department's files. Airplanes built to conform 
exactly tjo these approved drawings may, upon the manufacturer 
making affidavit to that fact, be accepted as structurally airworthy. 
Any deviations must, ho~~7ever, be approved by the department before 
being incorpora,ted in t,he construction of any airplane. 

The procedure followed in the case of licensing single airplanes of 
ang type will be similar. 

The approved type certificate will be issued upon the condition 
tha,t, each quarter the mnnufa.cturer will file his affidavit with the 
Secretary of Commerce, showing the number of airplanes constructed 
under the approved type certlfica.te during the quarter, with a. 
statement that  no airplane is being constructed under the approved 
t,ype certificate deviating from the terms thereof. 

Technical da.ta furnished by manufacturer for  approved type 
certificate will be treated as confidential. 

4. I t  is obvious that  the foregoing procedure places upon the 
ma,nufa.ct,urer the burden of proving t,ha.t his design i s  struct,urally 
safe, and he should keep this in mind when submitting data to the 
department. I n  the majority of cases the department's engineers 
will not be able to see an airplane of the type they a.re exa.mining, 
a t  the t.ime their check is made, and the manufacturer must therefor0 . 



~ a k e  his dra.wings a.nd analyses as clea,r as possible if he wishes to 
toid delay and controversy in obtaining an  approval. Mere state- 

ments of opinion sho~dcl never be included in an analysis without pre- 
sentinu the facts lPpon which the opinion is based. Deviations made 
from 8le  methods of analysis herein described, because the structure 
being investigated does not conform with the conventional, or be- 
cause the..manufactnrer has data indicating tha t  his method is safe, 
must be accoinpanied by a clear explanation of the reasons f o r t h e  
deviation and supported by any data which may be available. 

5. The dra~~r ings  must be coillplete a.nd well dimensioned and must 
show the structure in sufficient detail to be used for the construction 
of airplanes to br, built. under an approved type certificate. Assem- 
bly drawings of the major structural units, such as wings, stabilizer, 
elevator, etc., will suffice if they are. complet,ely dimensioned and if 
they show the cross sect,ions of all wooden members, or metal mem- 
bers of special design, ancl the sizes of standard wires, tubes; etc., 
used in the assembly. The location of hinges, control masts, and the 
points of atPtachinent of all brace struts or wires should be clearly 
shown. Dra.wings should be made to sca,le and important dimensions 
given. Dimensions referring to lengths of members, distances be- 
tween supports, etc., are inore satisfactory if shown in inch units 
rat,her t,han feet, and inches. 

I n  order to represent the structure satisfactorily, the dra.wings 
submitted should include : 

(a) A general assembly of each wing with the sizes and locations of 
spars, drag struts, drag wires, leading edge, trailing edge, and mem- 
bers supporting the ailerons and controls c,learly indicated. 

(6)  Drawings of a typical rib showing method of attachment to 
the spars and kading edge. 

(c)  Line diagrams of the external v i n g  bracing showing truss 
dimensions, sizes of struts, and wires. 
... ( d )  A layout of the fuselage structure showing sizes of all mem- 
bers of the primary structure. 

( e )  Drawings of the tail surfaces showing sizes of spars, torque 
tubes, internal and external braces, location of hinges, and masts. 

( f )  Chassis drawings giving a layout of the landing gear show- 
ing sizes of struts, axle, bracing wires, shock-absorber spindles, 
spreader tubes and other important members, and detail drawings or 
sketches showing t,he arrangement of members at  their lower ends 
and the method of connecting them. Drawings of the tail skid show- 
ing the skid, its connection to the main fuselage structure, and the 
method of steering it, if an.. 

( g )  For  seaplanes, drawings of the floats showing their lines, 
general dimensions, and a lapout showing sizes of st.ruts and wires 
and method of attachment to the fuselage. 

(h)  Detail drawings of the mechanisms used to adjust the sta- 
bilizer, fin, wing flaps, or similar surfaces while in flight are also 

~ - 
desired. 

(i) Drawings showing the main wing fittings and the control sys- 
tem are required. 

The analyses must cover the investigation of the strengt,h of the 
main members of the wings, tail surfaces, landing gear, including 
tail skids, fuselage, fittings, and control systems for the load factors 
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required in paragraph 2, part 2, Section I. The analysis of second- 
ary members carrylng heavy loads and the investigation of ma; 
members subjected to eccentric loads are required. 

Stress analyses of the control surfaces and control systems may be 
supplanted by tests made on these units, assembled as in flight, if the 
tests show that the unit will carry 125 per cent of the design load and 
if the stick, rudder bar, etc., withstand the loads specified in para- 
graph 5d, part 3, Section I. It is  recommended that bot,h analyses 
and tests be made on these units and on the main wing fittings, 
though both are not required. 

I t  is particularly important that the stress analysis states the ma- 
terial used for various members, whether or not i t  is heat treated, 
and what physical properties are guaranteed, not assumed, by the 
manufacturer. I f  metal members of special design are used, test 
data showing their strength properties under loads similar to those 
to which they will be subjected in the structure must be submitted. 

An analysis should be carefull checked as to arithmetic before 
being submitted for approval, as t 1 e department will return analyses 
for correction when arithmetical errors are found, except when their 
effect is obviously negligihle. 

The stress analysis shall bear the signature of the responsible 
engineer. 

6. The cockpit must be constructed to afford suitable ventilation, 
adequate vision to pilot under normal flying requirements, and 
reasonable protection to pilot and passengers against possible pro- 
peller breakage. 

Closed cabins of airplanes carrying passengers for hire must 
have not less than two exits, affording maximum ease of opera- 
tion. One of these exits may be an emergency exit, in which case the 
size, location, and method of operation shall be subject to  the ap- 
proval of the department in each individual case. 

Dual controls on airplanes carrying passengers for hire shall be 
so constructed or arranged as to prevent passengers from interfering 
with the course of flight of the airplane. 

7. A fire wall of terneplate, galvanized steel, or asbestos-aluminum 
combination must be installed, insulating the engine section from 
other parts of an airplane with water-cooled engine installation. 
Aluminum or aluminum-alloy fire walls will be satisfactory for air- 
cooled engine installations. Openings made in the fire wall to allom- 
the passage of pipes or wires must be provided with suitable glands 
or gaskets. 

Carburetor air intakes must open outside the cowling and must 
be suitably drained. Exhaust manifolds shall be installed outside 
of cowling unless otherwise specifically authorized by the Department 
of Commerce. 

Throttle control and ignition switches on multi-engined airplanes 
must be arranged to permit separate and simultaneous control. 

Suitable ventilation must be provided for the engine compartments. 
Air-pressure gasoline-feed systems must not be used without ap- 

proval of the department. 
Airplanes carrying passengers for hire must have installed an 

adequate reserve gasoline-supply tank, or satisfactory, reliable appa- 
ratus for indicating to the pilot a depletion of the gasoline supply. 



8. Electrical equipment.-(0) All electrical equipment shall be 
.,aitablj protected f rom gasoline, oil, water, and  other detrinlelltal 
substances. 

( b )  Electrical wiring shall be well supportecl and suitably insu- 
latecl to prevent sliort circuits; terminals o r  other bare portions of 
conducting circuits to be cor~ered with proper insulating material 
v-here there is any possibility of innclvertent short-circuit,ing. 

(c )  Electrical circuits for  lights employing a generating system 
shall contain suitable fuses ~vhich  will break the circuit a t  a suf- 
ficiently small current flo~il to adequately protect the lights and other 
par ts  of the  circuit. Fuses shall be so locat,ed that  they can bc 
I-eatlily replacecl clu~,ing flight. O n  aircraft  for- wlticli lights are 
required a con~l~ le te  set of spare fuses shall be carried. 

( d )  Uattel.ic?s n.hich cont:~in acid o r  other cor~.osire substance shall 
br 1)rovidc.d wit11 ],:iris or  equi\~i.lent ~~ro \ , i s ion  for  the collectiorl of 
possible lealrage of such subst,:unce. T h a t  ]-tart of t l ~ e  airplane struc- 
ture ~vllich is within 12 inches of such batteries shall be protected 
nit11 a suitable scicl-pl.oof coating. 

( e )  Batteries sllall be easily accessible and acleq~~ately isolated 
fro111 gasoline or  oil t,n.nl~s and froin gasoline or  oil pipes. Suit,able 
covers shall be pl-oricled. 

( f )  T11el.e shall be a minimum clearance of 2 inches between all 
electrical wiring and gasoline or  oil t,anlts; gasoline o r  oil pipes, car- 
bu~aetors, exhaust pipes, and ~ n o v i n g  parts. 

(g) I f  the str~uctul~al lllenlbers of an  airplane a re  of metal, a 
ground-return or  single-wire l ighting circuit may be used, the nir- 
plane acting as the " ground" or re turn cond~ictor. Wherever a 
conductor is conr~ect~i l  to ground, i t  must be accessible for  repair. 
Ground-return connections shall be made t.o m e n ~ l e r s  of the p r i~ l la ry  
r-.t~.uctur~e. aricl tlle sulaf:~ces on ~vhich the  terminals mal;e contact shall 
be clean and free f rom oxide or  paint. 

(11) I n  the  case of airplanes in  which the  structural members are 
of wood or  other nonconduct,ing material a tv,~o-wil.e or insulated- 
return ligliting syste~n shall be ased. 

(;) All swit.clies installed in airpla.ne electrical systems must be 
t,wo-pole switclics connect,c.d in such manner tha.t the  minimum 
l-tossiblr l e n ~ t h  of conductor is  connected to the battery or  generator 
when t h e  s\vitcli is off'. 

9. I'ropellc~~s must liare n minimum ground clea~:n,nce of G inches 
wlien the airplane is in a 1lorizont.al position. 

On ~nillti-enginrtl :~il~plancrs n clenrnnce of at, least 1 inch must be 
provided between ttie t ips of the  prol-tellers and  the fuselage or any 
par t  of the  structure. The  seats shall be so arranged tha t  pilots 
and  pas-engers arr more than  12 inches for~varcl o r  a f t  of the pro- 
1)eller dislrs. Sur-faces near the  propeller t ips  lriust be. suitably stif-  
l'enrd against vibr a t' ]on. 

10. (a) Except as pro~~icled in subparagraph ( b ) ,  all  airplanes 
must. have a landing sspeecl below 6O miles a n  llour when provided 
with brakes a ~ i d  50 n~i les  an hour when not provicled with bralres, and 
must climb a t  least 250 feet t,he first minute ttfter talcing off'. Land-  
lng  speed may be nssu~~ied  cclnal t,o the calculated stallirig speed. 

(7)) I f  the above 1:lncling s1)eeil.c: arc1 esc!c?eded, the  airplane must 
pcss t,he follo~ving fiigllt tests t1rit11 full  load : 

Talre off' wi t l~ in  1.200 feet. 
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Land, coming to  full stop without external aid within 1,Or 
feet from the point where the landing gear first touches the landik-L 
area. 

11. The flight tests required are of two kinds : 
( a )  General flight, which is a one-half hour flying test with full 

load to determine stability. 
( b )  General maneuverability, which includes among other things 

a flight with full load around two pylons or buoys 1,500 feet apart, 
making five successive figure 8's a t  1,000 feet without varying more 
than 200 feet in height in a radius not to exceed the following: 

I. Five hundred feet for airplanes of full load not in  excess of 
5,000 pounds. 

". Seven hundred and fiftv feet for  a i r ~ l a n e s  of full load over 
5,000 ounds and not in excess of 12,500 po;nds. 

"I 8 n e  thousand feet for all other airplanes. 
The applicant must provide the person to make the flight tests, but 

the inspector will pilot the airplane during such parts of the tests 
as may be deemed necessary. 

PART 2 .REQUIREI)  LOADS FOR MRPLANE STRUCTURES 

1. Definitions.-The National Advisory Committee Report on 
Nomenclature, No. 240, gives definitions of the words and phrases 
used in aeronautics, but some of those having special applications in 
the field of structural design are not included. That  the subsequent 
paragraphs of this section may be clear, the meaning of such words 
and phrases, as they are commonly employed in the design of air- 
plane structures, is given here. 

Aspect retio.-The aspect ratio of a wing or  control surface is 
the ratio of the square of the span to the wing area. It is defined 
in this manner in order to make the definition easily applicable to 
wings that are not rectangular in  shape. I n  computing the aspecl 
ratio of a wing, part of which is covered by nacelles or a fuselage, 
the portion of the wing so covered shall be included in the wing 
area. Such covered portions of the wings shall not be included in 
the wing area, however, in any other computations. 

Basic load.-The basic loads on (or stresses in) an airplane or  
part  are the loads on (or stresses in)  the airplane or part when the 
airplane is a t  rest or in a condition of unaccelerated flight. (Com- 
pare design load. ultimate load, load factor, factor of safety, margin 
of safety, normal load.) 

Beam direction.'-The direction parallel to the intersection of the 
plane of the spar web and the plane of symmetry. (Compare chord, 
drag, lift, side, and vertical directions.) 

Beam force (or  comp~.ltent).~-A force (or component) in the 
beam direction-that is. parallel to the intersection of the plane of 
the spar web and the plane of symmetrg. (Compare chord, drag, 
lift, side, and vertical forces.) 

Cmter of gravity.-Usually refers to  the center of gravity of the 
airplane fully loaded. Sometimes used for the center of gravity of 
a single load or  a special set of loads, i n  which case the load or loads 
concerned should be stated or clearly implied by the context. 

C b r d  directi0n.l-The direction of the intersection of the plane 
of the internal-wing truss with the plane of symmetrg. When a 
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wing has two internal trusses in nonparallel planes, the plane bisect- 
.,ng the dihedral angle between those two pla.nes should be used. 
(Compare beam, drag, lift, side, and vertical directions.) 

Chord force (or ~o~~~~wncn t ) .~ - -A force (or component) in the 
chord direction-that is, parallel to tlie plane of the internal wing 
truss and to the pla.ne of symmetry. (Compare beam, dra.g, lift, side, 
a,nd vertical forces.) 

Design load.-The load for which a member is designed. I t  is 
usually obtained by multipl~ri~ig a basic load by a specified load 
fa,ctor. (Compare basic load, factor of safety, margin of safety,; 
normal load, ultimate load.) 

Double-taper (spm-s) .-A spar is double-tapered when both widkh 
and depth vary along the span. 

Double-taper (wings) .-A wing is double-tapered when both the 
chord and thickness ratio vary along the span. (Compare equiva- 
lent wing, taper in plan only, taper in thickness ratio only, thiclmess 
ratio.) 

Drctg direction.-The direction of the relative vind. The angle 
between the chord and c l r a ~  directions is usually smnll and often zero. 
(Compare beam, chord, lift, side, and vertical direct,ions.) 

Drag force (or co??~poneat).-A force (or component,) in the drag 
direction-that is, pa.ralle1 to the rela.tive --nd. (Compare beam, 
chord, lift, side, and vertical forces.) 

Efective span.-The true span of a. wing less corrections for t ip 
loss, area of cut-outs, width of nacelles, etc. For  the method of 
computing the effective span in a given case, see Figures 3, 4, and 5. 

Eficiency of quings.-The ra.tio of the norma.1 gross beam load per 
square foot on the upper wing to that on the lower. For  the method 
of computation see Figure 2. 

Equivalent &nq.-A ving of the same span a.s the actual wing 
but with the chord at  each section reduced in proportion to the ratio 

I of the average beam load at that section to the average beam load 
a t  the section taken as standard. 

Factor of safety.-The ratio of t,he design load or the ultimate 
load to the maximum probable load. I n  airplane design the least 
factor of safety is usually about 2. The term is often used incor- 
rectly in place of load factor. (Conlpare load factor and margin of 
safety.) 

Flyinq condifions.-The loading conditions of high angle of a,tta.ck, 
low angle of attack, inverted flight, nose dive, ahd maximum tail 
load. 

Gap.-The distance between the planes of the chords of two adja- 
cent wings of an airphne, measured along a line perpendicular to 
the chord of the upper wing at  any desipated point of its leading 
edge. 

Gross weight.-The total weight of the airplane, including useful 
load. (Compare net weight.) 

'Beam a n d  chord directions and  forces a r e  t o  be distinguished from l i f t  and  d m g  direc- 
t ions and  forces. The l a t t e r  dcpend on t he  diri-ctlon of the  relative wlncl wllilr tile f o ~ l n e r  
depend upon the dimensions of the  airplane. The bcam direction and force8 a r e  so named 
becnuee forces i n  t h a t  direction a r e  considered a5 loads t o  he supported bv the  -ring spars  
ac t ing a s  beams. The chord direction and  forces a r e  so  nnmed becausc fh ry  a r c  npgroxi- 
matelg, at least,  i n  t he  plane of t he  wing chord. 

05177"-2S--2 
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High angle of attack.-A loading condition for the wings an; 
fuselage representingthe condition of Aying a t  a high angle of at. 
tack while pulling out of a dive. (See low angle of attack, inverted 
flight, and nose dive.) 

Inverted flight.-A loading condition for  the wings representing 
the conditions of flying upside down and of commencing a dive. 
(Compare high a,ngle of attack, low a.ngle of a,ttack, and nose dive.) 

Imestigatwn, of st?=esaes.-When an investigation of the stresses in 
a unit in  a given condition of loading is ca,lled for, only those com- 
putations are required that are needed to show which members, if 
any, should be designed for that condition and the stresses i n  those 
members. Often an investigation mill show t11a.t no members need 
be designed for the loading condition considered. 

Level Za~zding.-~4 loading condit,ion for the fuselage and landing 
p a r  representing conditions in a tail-high landing. 

Li f t  direction.-The direction in  the lane of symmetry perpen- 
dicular to the relative wind. (Compare earn, chord, drag, side, ancl 
vertical directions.) 

6 
Lif t  force (or c o ? ? ~ ~ ~ m ~ s ~ ~ t )  .-A force (or component) in the lift  

direction. (Compare be,am, chord, drag, side, and. vertical forces.) 
Load fa1cdor.-The ratio of some ot#her load to the basic load in 

which the relative distribution of the forces is the same. This other 
load may be any of the following: The  load applied during some 
special maneuver, the maximuill probable load on the airplane or 
part, the design load, or the ultimate loacl. VThenever a load factor 
is mentioned, the context should show clearly what loacl is being 
compared to the basic load. (Compare basic loa.d, design load, factor 
of safety, m ~ r g i n  of safety, and ultimate load.) 

Low angle of attack.-A loading condition for the wings and fuse- 
lage, corresponding to a condition of flying with a. small angle of 
attack while pulling out of a dive, and deslgned to insure adequate 
strength in some members t,h.at are lightly loaded in the other load- 
ing conditions. (Compare high angle of attack, inverted flight, nose 
dive, and maximum tail load condition.) 

Jiar.gin, of sa,fef;y.-The ratio of the ultimate strength of a member 
minus the design load to the design load. Usually a member wit,h a, 
positive margin of safety is sa,tlsfactory and one with a nepative 
margin of s a f e t ~  is unsatisfactory. (Compare design load, factor 
of safety, load fac.tor, ancl ultimate load.) 

Jl&m,urn tm:l lo& condidim~.-Loading conditions for the tail 
surfaces and fuselage which represent conditions when the loads on 
the tail surfaces are at a maximum. 

Jdinimu?n size.-The smallest-sized member that  should be used in 
a given location as cletermined by considerations of maintenance, 
loads in handling. and similar practical considerations. 

Net weight.-The gross weight. less some specified partial weight. 
Very often the partial weight is the dead weight of the wings, or  i t  
may be the useful load. The pa.rtia1 weight in question should al- 
ways be clearly indicated in the context. 

N o d  load.- he load on that part  of a wing assumed to be un- 
affected by tip losses or similar corrections. I n  any given case i t  
may be a basic, design, gross, net, or ultimate load, depending on 
the context. 
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Nose d,izre.-A loa,ding condition on the wings representing the 
conditions in  a dive at the angle of attack of zero lift. (Compare 
high angle of attack, low angle of attack, and inverted flight.) 

P r i m y  structure.-Each structural member, the failure of which 
mould seriously impair the safety of the  airplane, is considered a 
part  of the primary structure. 

Restrain.t coefjiczen,t.-A coefficient used in column fornlulas to 
represent the degree of restraint of the ends of the columns. For  pill 
ended columns c = l ,  and for rigidly fixed ended columns c=4. I n  
airplane mork i t  is very seldom advisable to use a value of c greater 
than 2. 

8 ide  directim.-The direction perpendicular t o  the plane of spm- 
metry. (Compare beam, chord? drag. lift, and vertical directions.) 

iS.ide force (or eomponmt) .-A force (or component) perpendicn- 
lar to the plane of spmmetry. (Compare beam, chord, drag, lift, 
and vertical forces.) 

Stagqw.-The a.ng1e between a line joining the forward t.hird 
points of the ~ i n g s  and a line perpendicular to the chord of the 
upper wing, both lines being drawn in n plane parallel to the place 
of symmetry. Stagger is considered positive if the forward third 
point of the. upper wing is in advance of that of the lower. Some- 
times stagger is expressed in per cent of gap, in which case the per 
cent of stagger is equal t,o the tangent of the angle of stagger. I t  
is indicated by 0 in Figure 2. 

Taper in, plan on@/.--*k win2 is "tapered in plan only " when the 
wing chord varies along the spa,n but all cross sections of the. wing 
are geometrically similar. (Compare double taper, taper in  thick- 
ness ratio only* and equivalent ving.) 

Taper in, tl~ialcwss ?-aIio on.l!y.-A wing is "tapered in thickness 
ratio only" when t.he wing chord is const,ant but the cross sections 

.- 
are not geometrically similar. (Comlmre. double taper, taper in plan 
only, equivalent, wing, and thiclmess ra.tio.) 

TA.iclcn,ess ratio.-The ratio of the maximum tbiclrness of an airfoil 
section to  its chord. (Compare taper in thiclme~s rat,io only and 
equivalent wing.) 

Three-point Im.ding.-A loading condition for. the fuselage and 
landing gear representing the maneuver of landing with wl?eels and 
tail skid touching the ground simult.aneously. (Compare level Iand- 
ing. ) 

Z7ltiwte load.-The 1oa.d that caused failure in a test or the load 
that,  accord in,^ to computa,tions, sho111d cause failure in a member. 
(Compare basic load, design load, normal load, factor of sa.fet,y, mar- 
gin of sa.fetp, and loa,d factor.) 

Zj'ltirn.de lord fu:cfor.-The ratio of the ult,imatje load to the hasic 
load in t,he same loading condition. (Compare basic load and ulti- 
mate load.) 

Fseful load.-The crew and passengers, oil, a,nd fuel, ballast other 
than emergency, and portable equipment. 

TTertieai! clirec8ion.-In airplane structural work this is usually as- 
sumed to be in the plane of symmetry and normal to the propelle,r 
axis. Sometimes, as in  t,hc three-point landing condition, it map be 
assumed normal to some other line, such as the ground line. I n  any 



case tlie contest shoulcl always s h o x ~ ~  what  direction is assumed to be 
vertical. (Compare beam, chord, drag, lift: and side directions.) 

Tiertied foi.ce (07. co?npowe~~t).-A force (or component) in  the 
vertica,l direction. (Compare beam, chord, drag,  l if t ,  a n d  side 
forces. ) 

JJ7i,?~g tip.- A line parallel t o  the  plane of symmetry a n d  tangent 
t o  the end of tlle wing. (See, fig. 8.) 

2. L o a d  factors.-'To clefine the  structural strengt11 requirel~lent ,~  
fo r  commc?rcial airplanes tliey are clivicled into two types. T h e  
recluil.einent:; for  racers or airplanes t.hat a re  to  be used for acrobatics 
m a p  be obt:ti~ic~tl f i .o~n tlia depnrtment to corer any specific desisn. 

The pr i~i i : t~ 'p  member*s of the  airplane st,ructure sllall be, as when 
new, of suRcicnt  st,^-engt,li t o  withstnntl t,hc st,resses in t , l l e ~ ~ i  fo r  the 
conclit,ions list,ed below. 

I11 the higli :~.iigle of attac,lr condition. the  loncl factors shall be 
obtainecl i':.om I;ip~~l.c. 1 for tlie t~l)l)~.ol~riatt" \v\'~ig:lit a.11~1 horsepower 
loading. The  culaves, as dl*t~\irn, al.,l~l)' direct,ly t80 ai~.plaries with 
1:1nd gear or floats. F o r  flyin:; I~oa i s  ~tlld aniphil~ians of 5,000 11ouncls 
gross weigl~l-. or  less, use 111(~ factors for  ;),OOO po~uitls. F o r  gross 
~xleiglits in excess of 5?000 I I ( - ) U ~ C ~ S ,  t11e f;~ct,c)rs sllall be the same as fur 
other :~il-pl:~nes. 

F o r  multi-c:~lpined nii.;~l:~nes. t h t ~  horsepower to be L I R ~ ~  i n  com- 
put ing tlir 1o:ltling in l~ouncls 1,er- ho~~sepon:e~-  sIi:~.ll be tha t  necessary 
t o  maintain l e \ - ~ l  f l i , ~ l ~ t  ~77.lii.h frill luacl at sea level. 

I t .  i s  t.o 1)e itot.e(l tha t  tile load fl~ctor*;: given in Figure  1 are not 
sufliciently h i y l ~  1.0 confol.n.1 to  the  international requirements 
throughout t,he e~it,ircx ra.llg!:e of l to~-se l~owc~.  loacling. Manufact1.1rers 
designing airplnlles for  cspo1.t shoulcl t.ake into account t,he. load 
f:~d;ors nncl ilesi,cn r.c-q~~i~.ements of tlie country to  which the airplane 
is to be exl,ortc!d. 

The  1o:ttl f:tct,ors -for nirylaries xvliose gross w e i ~ h t s  lie l~etween 
2$500 ant1 10.500 ~ ) O I I I I L ~ S  will I.)e I'otlncl bp intcln1wlat~ion I~e t~nr~en  t.he 
i I .  For irist.:~n~e, n :;.(iOO-l)~ui~c[ aila1)lane. Ir:t.\,ing aR. 
%)O-liol.seljo\oe~ c?~igine, will li:tve, :I factor in t , l~e  liifil~ n.ngle of attack 

3 GOO- 2.600 
conclition of 6.7; - -' (6.75 - 5.20) =G.O'i. 

;J.(]()() -y.G(j() 
I n  the l o ~ v  :11-1,clc of  i~t.t:~c.li condit.iol~ t,llr. load f:ic(or will be 65 per 

cent of tlle high unglr of nt-,lacl; fact'ol. but in  no ,:IS, less than  3. I n  
jnve~.tc~,tl fligllt. :~,nt l  nosr (live t,hcb f:lct,o~.s will bt. 40 per cent of the  
higli anglc of nt.t:~c.lr f :~ct.o~,,  but  in  no c:t:<c. sliall they be less than 2. 
The  nos(>-cli vcl (.fiil(!i tiori will I)(: f ountl dcscribecl more fully i n  p:l.;.a- 
g1-al111 14 of this r;.cct,ic)n. 

T:tble 1 gives tile 1o:trl I':tct,o~.s fo r  the landinq ~ondi t~ ions .  the  height 
of free dr.01) ~.c(.jui~,cd fo r  landine-gear clesi,gn, and  the tec!niretl 
design Ion tl $01, t,ile t:t il surf aces. F o r  :lirl)lanes xvllose gross weight. 
lies I)et,wc+en 2.500 :tntl 5.W) jjo~lnds t!~c I : ~ n d i ~ l p  load factors sliall be 
ol:)t,ained by int.e~-l)ol:ltio~? !jetween 6.5 ancl 5.5. F o r  airplanes between 
5,000 and l%..',Ocr 1~)11n(ls  the 1a.nding ffat,ors shall be obtainecl by 
inte~.l)oli~.t iou Ijet\;.c.e~l 5.5 i1ntl 5.0. 
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I I Height of / Loads w r  / 
Cia% Vertical tail surfaces 

zontal tail 

2,500 pounds or less.. . - --.. 6. 5 24 30 
5,000 pounds ..---...-.-..-- per cent of load required on hori- 
12,YIO pounds.. - ... .-----. . zontal surfaces. 
12,500 pounds or over ....-. 

For seaplanes the load factors shall be the sa.me as for land planes, 
except that.tke load factor to be used on the floats and the members 
to which they are attached, including the " carry-through," tubes 
in the fuselage, shall be designed for a factor in landing of 8.0. 

The chassis shock absorber shall be designed to absorb the energy 
corresponding to the free drop listed above without subjecting the 
chassis to forces greater than those corresponding to the load factors 
in landing. The tail-skid shock absorber shall be designed to resist 
a free drop in the three-point landing attitude equal to that listed 
above without imposing loads on the slrid or  fuselage greater than 
those corresponding to the load factors for landing. I f  a shoclr 
absorber designed to dissipate the energy of the free drop by the 
flow of a liquid through an orifice-the oleo or oleo-pneumatic type 
of a,bsorber-is used, the load factors required in the design of the 
landing gear may be reduced not to exceed 25 per cent. When this 
type of shock 'nbsorher is used suitable provision must be made to 
carry the ,shoclrs due to taxiing after the shock absorber has been 
forced to the full extent of its t,ravel. The method to be used must 
be clearly shown as described on the, chassis drawings. No reduction 
may be made on the required height of free drop for the shock 
absorber. 

3. Loads on wings.-The beam a.nd chord components of the 
loads on 'the wings for. the high and low angles of attack and in- 
verted-flight condit'ions shall be computed according to the rules 
given in this paragraph. The principal variations for use wit,h 
structures varying from the conventional b i p l ~ n e  are given in the 
jucceeding paragraphs. 

( a )  The computations should be made in the following order: 
1. Compute or estimnte gross weight of airplane. 

11. Compute effective span of each wing. 
111. Compute or estimate dead weight of wings. 
IV. Compute relative efficiency of the wings. 
V. Compute normal gross beam load on each wing. * 
VI. Compute normal net heam load on each wing. 

YII. Compute normal chord load on each w i ~ ~ g .  
VIrI. Compute all other vnlues required for  plotting curves of beam and 

chord loads on each wing. 

(6)  The colnputations under ( a )  for the conventional t,ype of 
design shall be made as follows : 

I. The gross weight to be used in the calculat,ions is the weight 
of t.he airplane with full pay load. The air load on the tail surfaces 
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should be neglected. It is recommended that  for  new designs, when 
the weights of items must be estimated, an allowance of 5 per cent 
be made to rovide for unforeseen additions. 

". The e # ective span of a wing of constant chord and section 
is the distance from wing t ip to wing t ip  less that  portion of tho 
length, if any, that is covered by the fuseiage and nacelles, and an 
allowance for  t ip loss. The "effective semispan" X,, in Figures 4 
and 5 ,  is one-half of the effective span, L. The method of deter- 
mining the decrease in effective span to allow for  t ip loss is shown in 
Figure 4 for  externally braced and in  Figure 5 for internally braced 
wings. Fo r  externally braced wings with excessive overhang refer 
t o  paragraph 3 ( b ) .  

The total dead weight Wd of the wings shall be estimated or 
found by weighin a cellule after construction. The  dead weight f per inch run, m, s all be determined by dividing Wd by the sum of 
the effective spans of the wings. 

I" The relative efficiency of the wings shall be determined from 
Figure 2. This figure gives the ratio of the normal unit load on the 
upper wing to that on the lower wing as a function of the gap-chord 
ratio and the stagger in degrees. I n  computing the efficiency with 
this chart, the gap-chord ratio and the stagger shall be measured on 
a vertical section midway between the side of the fuselage and the 
effective t ip  of the shorter wing. The same relative efficiency shall 
be used for  all flying conditions. 

V. The  normal gross loads for each wing are to be obtained from 
the formulas : 

wig= W g  and ~ , , ~ = e u r ~ ,  eL,+L1 
Where W,= gross weight of airplane in pounds. 

e= efficiency of upper wing from Figure 2. 
L,= effective span of upper wing in inches. 
L 1  =effective span of lower wing in  inches. 

wl,=normal gross beam load on lower wing in  pounds per 
inch run. 

w,,=normal gross beam load on upper wing in pounds per 
inch run. 

W ,  map be taken as half the gross weight and L, and L1 as the effec- 
tive semispans A,, and S,,, if desired. 

VT The normal net beam loads, ?I:, and wl. are obtained by sub- 
tracting the dead weight of the w i n ~ s ,  wd, from 'LOU,, and WI,, re- 
spectively. A t  this point i t  is advisable to check the results by :om- 
puting the total net weight from the computed net loads per ~ n c h  
run. 

vll The normal chord load per inch run on each wing shall be 
taken as the proportion of the normal net beam load given in  Table 
2 in the high angle of attack, a s  15 per cent of the normal net beam 
load in the  low angle of attack condition, and as zero in inverted 
flight. I n  the high angle of attack condition this load shall be as- 
sumed to act toward the leading edge. I n  low angle of attack i t  shall 
be assumed to act toward the traillng edge. 

V1ll ( a )  The chord load along the wing from the plane of sym- 
metry to the wing tip is assumed to  be constant and equal to the 
normal chord load-that is, it is assumed that there is no t ip loss 
affecting the chord load. 
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( 6 )  The distribution of the beam load along the span is shown b 
curves A, B, C, in Fi y r e s  4 and 5. Figure 4 applies to conventionat 
externally braced biplanes where the outer strut. point is approxi- 
mately one chord length from the wing tip and shall be used in ob- 
taining the stresses in all members inboard of the outer strut point 
for such airplanes. I n  computing the desian loads for those sec- 
tions of the spars between the, outer point OF inflection of the outer 
bay and the wing tip the bending mo~nents obtained from the load- 
ing represented by curves A, B, 6, of Figure 4 shall be increased 30 
per cent. The design loads in t,he outer struts and outer bajr lift 
wires and that part of the axia.1 loads a.nd shears in the spars be- 
t,ween the outer point of inflection and the out'er strut point that is 
due to the loads in the lift truss shall be increased by 15 per cent. 
The axial loa.ds in other parts of the lift truss need not be increased. 
For externally braced monoplrc.nes or bipla,nes, vhere the outer strut 
point is at a distance materially greater than one chord length from 
the t.ip, the following method shall be used. For the investigation of 
stresses inboard of t'he outer strut point the load curve represented 
l o j  A, B, C, of Figure 4 shall be used. The design loads in the 
outer struts or bra.ce vires: the bending moments and shears in the 
spars, and tha,t, part of the asinl loads in the spars that is due to 
loa,ds in the lift. truss shall, for the section between the outer point 
of inflection and the wing tip, be computed for the tip loss shomn 

a structure having sufficient strength to withstand the variations in 
tip loss which pressure-distributionion tests indicate to be liable t'o occur. 
These rules apply only to wings having square, circular, or elliptical 
tips and must not be used for raked tips where the end of the wing 
makes an angle of more than 15" with the plane of symmetry of the 
airplane. For such special conditions the designer should apply to 
the department for a special ruling before proceeding with the 
analysis of the wings. 

4. Effect of cut-outs.-In computing the loads on wings with 
trailing edge cut-outs the following moclifications shall be made in 
.the method outlined in paragraph 3. The effective span of the wing 
with the cut-out. shall be computed as before, except that an amount 
equal to the area of the cut-out divided by the wing chord shall be 
subtracted from the extreme span as well as the other quantities men- 
tioned in paragraph 3. I n  this case the net beam load over t'he sec- 
tion between cabane struts will not be the normal net beam load, w,, 

but will be equal to ' d m ,  where 2, is the distance between the 
12 

cabane struts and 2, the area of the cut-out divided by the chord. 
When 2, is zero on account of the center section struts meeting at the 
center of the upper wing, as is the case with some designs, no correc- 
tion will be made in the curve of net beam load, though the correction 
to the effective length will be applied. Changes in wing section at 
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gas tanks and similar design features will be treated in a similar - - 
manner. 

5. Effec t  of d i f fe rent  c h o r d  lengths.-When an airplane has 
wings of different chord length, the modifications to the method of 
paragraph 3 are as follows : 

( a )  Two values must be computed for the dead weight per inch 
run  tod. These values can be obtained from the formulas. 

Where Wd=dead weight of wings in pounds. 
wud=dead weight of upper wing in pounds per inch run. 
wld=dead weight of lower wing in pounds per inch run. 
CfU=chord of upper ming. 
C,=chord of lower wing. 
Lu=effective span of upper wing in inches. 
L,=effective span of lower wing in inches. 

I f  the weights per square foot of the two wings are known to vary, 
this formula may be suitably modified. 

( b )  I n  computing the relative efficiencies of the wings the gap- 
chord ratio will be the ratio of the gap to the arithmetic mean of 
C, and C,. 

( G )  I n  computing the normal gross beam load on each wing the 
(I" coefficient - shall be inserted in the formulas of paragraph 3 ( 6 )  V y  c, 

changing them to 

(d) The normal net beam loads are obtained by subtracting wud 
and w,a from w,, and v),,. respectively. 

6. Effec ts  of decalage o r  u s e  of different  airfoi ls  f o r  u p p e r  
a n d  lower  wings.-If the wing chords are set at  an angle to each 
other (decalage) or the upper and lower wings are of different air- 
foil section, the relative efficiency can not be obtained from Figure 2. 
Under such conditions satisfactory data must be submitted to the 
department to justify the distribution used. 

7. Effects  of ailerons.-In the design of the wing spars the load 
on an aileron used for computing the stresses on the wing structures 
shall be assumed the same as on a similarly located part  of the wing- 
that  is, no account need be taken of possible special loads due to the 
ailerons functioning as control surfaces. except in the design of the 
aileron and adjacent portions of the ming structure. Where the 
aileron projects beoond the tip of the wing proper, the following 
modifications shall be made in computing the loads on the wings: 

(a) I n  computing the design loads on the front truss the project- 
ing portion of the aileron may be neglected. 

( b )  I n  computing the design loads on the rear truss the projecting 
portion of the aileron may be neglected, except in com uting the P bending moments and shears in the rear spar outside o the outer 
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point of inflection of the. outer ba.y. I n  that  section of the rear spar 
the load on the projecting portion of the aileron shall be allowed for 
as follows : 

I. The load on the projecting portion, Ti7@, will be found by multi- 
plying the area of that portion A, B,  C, D. Figure &A, by 0.8 times 
the normal net load per square foot on the wing. 

". The design shear on the section of the rear spar between the 
outer strut a.nd the wing tip shall be that determined by the rules of 
paragraph 3 plus Wa. The shear inside of the outer strut shall be 
computed as outlined in paragraph 3. 

I". The bendin moment shall be increased .by the amount shown 
by the curve G, 8, F, of Figure bB. 

I". I n  computing these shears and bending moments the arbitrary 
increase called for in paragraph 3 shall be applied only to that. part  
of the quantity due to the load on the portion of the structure inside 
of the tip of t.he wing proper. I t  will not be applied to  the part due 
to the load on the projecting portion of the aileron. 

8. Effect of taper in plan only.-In determining the loads ,on a 
wing tapered in plan only t'he procedure is similar to that for con- 
stant chord wings, except that areas are dealt with instead of lengths 
or spans. After the distribution per  square foot of area has been 
determined, the results are mult~plied by the appropriate chord 
lengths to find the values of load per inch of spa,n. The detailed 
modifications in the procedure of paragraph 3 are a.s follows: 

(a) A n  effect,ive area is computed in place of the effective span of 
paragraph 3. This effective area is the area inboard of the effective, 
tip, the location of which is determined by the methods indicated in 
Figures 3, 4: and 5. For externally braced wings the section DE, 
Figure 3, is located a t  the outer struts, the tip length Lt is repre- 
sented by BF, Figure 3, and the effective tip is a t  0.25 L, from the 
wing tip. For  internally bra,ced wings the section DE, Figure 3, 
tlnd B, Figure 5 ,  are located so that  the chord equals -the distance to 
the extreme tip-that is. so that B'F equals D E  in Figure 3. The t ip 
length, L,, is represented by B P ,  Figure 3, and the effective tip is a t  
0.10 L,  from the wing tip. 

( 6 )  The dead weight of the wings is computed in pounds per square 
foot by dividing the tot*al dead weight, Wd, by the tot,al area of 

wing, A-that is, wd= A- 
( c )  I n  computing the relative efficiency the gap-chord ratio and 

stagger shall be determined by the dimensions of t,he intersection of 
the airfoil sections with a, plane parallel to the plane of symmetry 
and passing through the geometrical centroid of the effective area of 
the smaller wing. 

( d )  The formulas for the normal gross beam load are modified as 

wig= 
Y) g and w,,= ew,, 

eA,+ A, 

Where A, and A, are the effective areas in square feet of the upper 
and lower wings, respectively, and w,, and w,, are expressed in 
pounds per square foot. 
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( e )  Thc normal chord load and the normal net beam load are com- 
puted as for a constant chord wing, except that, quantities are in 
pounds per square foot instead of pounds per inch run. 

( f )  The ordinates to the curves of load distribution are found as 
designated in paragraph 3. Figures 4 and 5 ma be considered as 
applying to the tapered wing except that the va 1' ues are in pounds 
per square foot. Additional curves should then be drawn to show 
the distribution in pounds per inch run. These curves are found by 
multiplying ea,ch ordinate of the preceding curves by the chord in 
inches and dividing by 144. I f  the leading and trailing edges are 
straight lines, the curves of net beam loading over the t ip section q i l l  
be slightly curved. I t  is permissible in this case to  compute the 
ordinates of load per inch run a t  each end of the t ip section and 
assume the included port,ion of the loading curves to be straight 
lines. 

9. Effect of t a p e r  in th i ckness  ratio.-TVhen the thickness ratio 
of a wing varies, i t  is assumed that the air forces and the dead weight 
of a wing per square foot vary in proportion. The loading curves- 
for such a wing are determined by computing the dimensions of an 
"e  uivalent wing" assumed to be of constant thiclmess ratio and 
finiing the loading curves for the equivalent wing by the rules given 
above. The  span of the equivalent wing is assumed to be the same as 
that  of the true wing, but the chord a t  any section is the chord of the 
true wing a t  the section multiplied by the thickness ratio a t  the 
section and divided by the thiclrness ratio at  the section of maximum 
chord. I f  the true wing has parallel leading and trailing edges and 
the thickness ratio has a straight-line variation (the usual case), the 
chord of the equivalent wing will also have a straight-line variation. 

I n  computing the relative efficiency the gap-chord ratio and the 
stagger shall be determined by the dimensions of the intersections 
of the actual wings (not the equivalent wings) with a vertical plane 
parallel to the plane of symmetry and passing through the geometri- 
cal centroid of the eff'ect,ive area of the smaller actual wing. 

I n  certain cases, such as those of metal or plywood covered wings, 
where the weight of the covering forms a large percentage of the 
total weight of the winp ,  the department may require that the dead 
weight ok the wings be assumed to be distributed uniformly over the 
actual area of the wing instead of being varied in proportion to the 
thiclmess ratio. 

10. I f  the true wing is tapered in plan or the thickness ratio has 
not a straight)-line variation, the chord of the equivalent wing will 
not have a straight-line variation. I n  such a case the equivalent wing 
should be divided into parts, in each of which a straight-line raria- 
tion of the chord and loading curves may be assumed. On an 
externally braced wing the dividing lines between these parts should 
be a t  the interplane strut location. On internxlly braced wings these 
dividing lines shall be a,t the sections where the chord of the actual 
wing equals the distance t,o the wing tip, the section where the wing 
is connected to the fuselage, and a reasonable number of intermediate 
sections. 

11. Effect of severa l  variables.-Where the design of a wing 
incorporates more than one of the features discussed in paragraphs 
4 to 10, the computation of the loads shall include all the modifica- 
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tions needed to take care of the special case. Tl'here a designer is 
uncertain as to the method of applying these rules to an alrplane 
being designed by him, he should request the department for a 
special rullng. The request should be accompanied by drawings 
showing the relative location of the wings, their dimensions, inter- 
plane braclng, data as to the airfoil section used, the total weight of 
the airplane, the dead weight. of the wings, and any other pertinent 
data that may be available. 

12. Applicat ion of beam loads  t o  spars.-7qTith two-spar con- 
struction the beam load on each element of the wing in the high and 
low angle of attack and inverted-flight conditions shall be assumed 
to  act a t  the center of pressure and be divided between the spars i n  
inverse proportion to the distances from the center of pressure loca- 
tion to the spars. For  wings having more than two spars the load 
shall be distributed among the spars by a method approved by the 
department. Table 2 gives the center of pressure location to be used 
for several airfoil sect~ons and is based on its most forward location 
for high angle of attack and inverted flight and on its location when 

lcy=0.25 ky mar;. 

for low angle of attack. These values shall be used for all speed 
ranges. 

TABLE 2.-Ccntcr o f  presstire location amd, rntio of c l~wcl  to  bennz. cfnnponants 
f w .ua?-iozis ail-f oils 

C. P. location in 
per cent of chord 

1 Based 
Based 

&,tio of 
chord oorn- 
ponent to 
beam corn- 

......................................................... Aeromarine 2A 
............................................................ Roeing 103A 

C.lark I,........ ........................................................ 
Cur t i s  C-GL ............................................................ 
Curtiss C-79 ............................................................ 
Gottingen 387-.. ........................................................ 
Gottingen3'JS ........................................................... 

at  kv max. 
with ailerons 

H. A. A. / 1 ponent in 
and I. F. L' A. A' H. A. A. 

or f l n ~ s  set a t  an angle of 25'. 

m 
28 
31 
2R 
3 1 
31 
30 

The center of pressure location for " stable " airfoils in the low 
angle of attack condition should be obtained from wind-tunnel tests 
made with ailerons or flaps set at  20 or 25'. I f  such data are not 
available, a. location between 45 and 50 per cent of the chord should 
be a.ssumed. 

48 
45 
51 
40 
54 
52 
50 

Clott,ingen 436 ........................................................... 31 
............................................................ Loening 10A 21 

.................................................................... AM* 5 
................................................................... M-12 125 

A'-9- ................................................................... I 
K.10 ................................................................... 1 M 
N\'-22.. .................................................................. 2R 
R . A . F . ~ ~  ............................................................. 1 m 
Sloane 105 .............................................................. 30 
U. S .  A. n.. ........................................................... 

............................................................ U. S. A. 35A 33 
u. S. A. 35B ............................................................ 
U. S. A. 45 ............................................................. 

50 
45 

140 
2 40 

45 
48 
4R 
38 
48 
60 
66 
49 
38 
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The ratio of net chord component to net bcam component will be as- 
sumed as 0.15 in low angle of attack condition and zero in  inverted 
flight for all airfoils. I n  high angle of attack condition it i s  obtained 
from the formula : 

C/B=tan (cot-lL/D-i) 
Where C/B=the ratio of the chord component to the beam com- 
ponent. 

+angle of attack when the center of pressure is a t  its 
most forward location. 

The lift and beam components of the  a i r  load are assumed to be 
equal, as the error involved is negligible. 

13. Appl ica t ion  of chord  loads  t o  i n t e r n a l  w i n g  truss:-The 
beam loads are to be assumed to act on the spars as distributed loads, 
although in  practice they are applied as small concentrated loads a t  
the ribs. The chord loads shall be considered as concentrated loads 
at  the panel points of the internal wing trusses. The load a t  each 
such joint shall be the product of the normal chord load per inch run 
a t  the joint and the distance between mid-points of the adjacent 
panels of the internal truss. F o r  this purpose the extreme wing t ip 
shall be considered the mid-point of a truss panel. 

14. T h e  nose-dive condition.-In the nose-dive condition the 
beam loads on the front spars shall be the same as the design ultimate 
loads on those spars in the inverted-flight condition. By taking 
moments about the rear spars i t  is osslble to determine the load 
required on the tail surfaces, assumeifto be applied at  the tail post, 
to maintain equilibrium. Since the sum of the forces parallel t o  the 
beam direction must be zero, if the airplane is to be in equilibrium, 
the total upward load on the rear spars will equal the sum of the 
down.\varcl lozds on the front spars and tail surfaces. This load is 
distributed in the usual manner. The chord components of the air 
load on the wings shall be proportional to the chord loads in the 
low angle of attaclr condition, but their total magnitude shall equal 
the gross weight of the airplane. These chord loads may be assumed 
to be held in equilibrium by loads acting on the fuselage structure a t  
panel points near the center of gravity. The loads on the wing 
framework shall be assumed to be carried by the incidence bracing, 
interplane struts, rear flying wires, and drag truss members only, 
unless a least-work analysis is made. 

Internally braced, fabric-covered, cantilever monoplanes shall have 
a double system of drag trussing, spaced as fa r  apart  as  possible. 

The drag wires or their equivalent shall have a margin of safety 
of 200 er cent, the load being assumed to be divided equally be- 
tween t [ e two systems. The design ultimate loads on the counter 
wires shall be the same as for the drag wires. 

Drag ribs shall be designed to  withstand the maximum shear 
developed when the drag wire of the upper system in one bay and the 
drag wire of the lower system in the adjacent bay are each carrying 
their ultimate design loads, the remaining wires in these two bays 
being assumed to  be out of action. 

Ply~vood and metal covered wings shall have equivalent strength. 
This nose-dive condition shall be investigated regardless of the air- 
foil used or the type of airplane being dewgned. 
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15. Dead loads  carr ied by t h e  wings.--Tihere dead weights 
are carried by the wings, such as landing lights, wing-tip floats or 
skids, gas tanks, etc., their effect shall be allowed fo r  as follo\vs: I f  
the weight is sma.11 and in such a location tha t  i t  has little effect on 
the computed stresses, i t  may be included in 7vd, the  total dead 
weight of the wing. Loads that are large or a,re so placed tha t  they 
would cause an  appreciable change in the computed stress system 
shall be separately provided for. I f  t he  load is the weight and 
inertia of a compact unit, i t  shall be trea,ted as a concentrated load, 
on each spar, the relat,ion between these loads depending on the loca-' 
tion of the center of grarit,y of the unit. I f  the unit is spread over 
a considerable extent of wing area, like a gas tank or a wing radiator, 
i t  shall be considered either as composed of concentrated loads at the 
points where it is  supported by t,he spars, or as a uniformly dis- 
tributed load, depending on the manner of support. I f  a deed weight 
is supported in such a manner tha t  it ca,n be considered as a uniform 
load a,nd extends over t,wo-thirds or more of a panel of the lift  truss, 
i t  map be assumed as clist'ributed over the entire panel. When the 
unit is  one of variable weight, as  a. fuel tank, t,he primary a.nalysis 
shall be made, using the maximum weight. An investjigation using 
the minimum weight shall also be started and carried far  enough to 
determine the design of any member limited by this condition or to 
show clearly tha t  there are no such membe,rs. The weights of all 
such loads shall be as'sumed to act. in the beam direction in the h i ~ h  
and low angle of at,taclc and inverted-flight conditions, and in the 
chord direction in the nose dive. The effect of nacelles of multi- 
engine airplanes and their contents shall be computecl according to 
t,he same basic prialciples? the application of ~ l l ~ i c l l  to the  special case 
is outlined more fully in pnra,crnphs 41 :i~ncI 42. 

16. Internally braced biplanes shall be designed by a method 
acceptable t,o the depaltment,: t.lln,t. described' in Air Corps Infor- 
mation Circular (A~~ia , t ion)  KO. 440 is recommended. 

17. Loads  o n  control  surfaces.-The n v e l q e  ultimate loads to 
be used for  the design of control surfaces a.re given in  Table 1. The 
loads on the fixed surfaces are to be a.ssumed uniformly distributed, 
but on movable surfaces the intensitmy of loading a t  the hinges shall 
be equal to the loading on the fixed surfaces in front of them and 
shall decrease uniformly to an intensit,? a t  the trailing edge of one- 
third the former ralue. Port,ions of the movable mrface in front of 
the hinge line, except auxiliary vanes, shall carry the same loading 
as the fixed surface. 

( a )  When auxiliary vanes are used for balai~cing. they shall be 
assumed to be subjected to the same intensity of loading as the fixed 
surfaces when com uting the distribution of load and t,he stresses P in tShe remainder o the 1nora.ble surface. The vanes themselves and 
their a'ttachrnent to the main movable surface shall be strong e,nough 
to carry the load required to balance the load on the main portion 
of t,he mova.ble surface. 
(6) The control surfaces must. be designed to ca,rry the specified 

load acting in either direction. 
(c) Alt,hough no load parallel to the chord of the fixed tail sur- 

faces or t,orsional load is specified, provisions shall be made to ca,rry 
a reasona,ble amount of such load. 
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18. Loads f r o m  control system.-The forces in the control 
wires or push rods operating the movable surfaces must be computed 
and their effect on the rest of the structure investigated and allowed 
for in  the design of the structure. Special care must be taken to 
make sure that the portion of the wing between the rear spar and the 
aileron is strong enough to carry the load for which the aileron is 
designed, and the structural members in this part of the wing shall 
be analyzed in. the aileron analysis. 

19. L a n d i n g  gears--Level landing.-The resultant of the 
ground reaction is assumed to be a force lying a t  the intersection of 
the plane of symmetry and a plane in which are located the axles 
and the center of gravity of the airplane. The propeller' axis is 
assumed horizontal and the basic value of the vertical component of 
the resultant of the ground reaction equal to the gross weight of 
the airplane minus chassis and wheels. The horizontal component 
is of the magnitude required to give the resultant force the specified 
direction. The resultant of the ground reaction is assumed to be 
divided equally between wheels and to be applied at the axles. 
Landing gears provided with shock absorbers which subject the 
structure to increased loads with increased deflection of the shoclr 
absorber-the rubber-cord or rubber-disk types-shall be designed 
for the fully deflected position of the shock absorber unless a partial 
deflection of not less than one-half the lnaximu~n would cause 
greater stresses. Shock absorbers which subject the landing gear to 
approximately constant loads throughout their travel-the oleo 
type-shall be assumed to be in their undeflected position unless 
the arrangement of the structure is such that a partial deflection of 
the shoclr absorber will result in higher loads in some or all of the 
members. 

20. L a n d i n n  w i t h  s ide  load.-The landing sear and cabane and 
that part of thefuselage adjacent to them shoEl2 be analyzed under 
the following combination of loads : 
(a) The loads specified in  paragraph 19 for the level-landing 

condition. 
( 6 )  Side components of the ground reactions equal to one-fourth 

of their vertical components. These side con~ponents of the ground 
reactions shall be assumed to be equally divided between wheels and 
to act at  the ground, the tire being assumed to have deflected one-half 
the nominal diameter of its cross section. 

(c)  Side components of the weight and inertia forces equal to one- 
fourth of their vertical components. These side components may be 
assumed to act on the fuselage joints to which the wings and chassis 
are attached and to be divided between joints in such a manner that 
their resultant would pass through the center of gravity of the 
airplane. 

( d )  A couple composed of vertical forces acting at the main con- 
nections of the wings to the fuselage and cabane and of sufficient 
magnitude to bring the entire system into equilibrium. 

The required load factor will be one-half that specified in  landing 
conditions, Table 1. 

I n  the case of the formerly conventional V type of chassis the 
spreader tubes and diaponal brace mires may be designed to carry a 
load of 1.5 times the weight of the airplane acting in either direction 
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and applied to one wheel at. its axle, in place of the loading specified 
above. 

21. Three-point landing.-The basic value of the sum of the 
ground reactions is the gross weight of the airplane. The total load 
is divided between the chassis a.nd tail skid in inverse proportion to 
the distances, measured parallel to the ground line, from the center 
of gravity of the airplane to the points of contact with the ground. 
The net basic load on the chassis shall be equal to the total 1oa.d on 
the ch.assis minus the chassis weight, and it shall be divided.equally 
between wheels. Loads are assumed t,o be perpendicular to  the 
ground line in the three-point landing attitude, with all shock ab- 
sorbers extended to the same degree as in the level-landing condition.'" 

22. Reactions.-In all loacting conditions for the landing ear 
the reactions of the fuselage or wings nre the forces required t,o f al- 
ance the net loads on the axles. The equilibrants of these reactions 
will be used in the analysis of the fuselage in  the landing conditions. 

23. Braked  landing.-Airplanes equip ed wit11 brakes shall be 
investigated for the loacls incurred when a f' anding is made with the 
wheels locked and the airplane is in an attitude such that the tail 
skid just clears the ground. The full weight of the airplane will be 
assumed to act on the wheels in a direction perpendicular to the 
ground line in this attitude. I n  addition: a component parallel to 
t,he ground line shall be assumed to act a t  the point of cont.act of the 
wheels and the ground, the magnitude of this component being equal 
to the weight of the airplane times a. coefficient of friction of 0.55, 
or equal to the load required to keep the .airplane in  equilibrium 
with. t,he tail skid just clear of the ground, u~hichever is the less. 
The chassis structure sha.11 have sufficient strength to withstand the 
axial loads, bending, and torsion to which i t  will be subjected under 
this combination of loads, the load factor being one-half that speci- 
fied in Table 1 for the landing conditions, with no reduction 
permissible because of the use of oleo shock absorbers. 

24. Seaplane l a n d i n g  w i t h  inclined reactions.-Assume pro- 
peller axis horizontal and the resultant water reaction acting in the 
plane of symmetry and passing through the cent,er of gravit.y of the 
airplane but inclined so that ~ t s  horizontal component is equal to 
one-quarter of its vertical component. The forces representing the 
weights of and in the airplane act in a, direction parallel to the water 
reaction. The weight of t,he floats ancl float bracing should be 
deducted from the gross weight of the airplane. A load fact,or of 
8 is required. For  wat,er-landing conditions flying boats and am- 
phibians shall be conside,red as seaplanes. 

25. Seaplane l a n d i n g  w i t h  vert ical  reactions.-Assume pro- 
peller axis horizontal and the resultant water reaction vertical and 
passing through the center of gravity. The weight of the floats and 
float bracing should be deducted from the gross weight of the air- 
plane. A load factor of 8 is required on the float bracing and the 
members in the fuselage which are subjected to direct loads from the 
float-brace attachments. 

Flying-boat and seaplane-float hulls shall be designed to withstand 
without permanent set a load of 8 pounds per square inch over 
that portion of the hull lying beheen the first step and a section 
25 per cent of the distance between the step and the born-. A load of 



4 pounds per square inch shall be assumed from that  section to a 
section a t  75 per cent of the distance between the step and the bow 
I n  designing the bow portion of the hull due attention must be paid 
to  the effect of striking floating objects. Fo r  the section between 
the first and second steps a load of 4 pounds per square inch shall be 
used. I f  but one step is used, this load shall extend over that  portion 
of the hull between the step and a section 50 per cent of the length of 
the hull a f t  of the step. 

26. Seaplane landing with s i d e  load.-Assume the propeller 
axis horizontal and the resultant water reaction in the vertical plane 
which passes through the center of gravity and is perpendicular to 
the propeller axis. A load factor of 8 vertically and 2 horizontal~ly 
is required, to be applied to the gross weight of the airplane less 
weight of floats and float bracing. The vertical load shall be applied 
through the keel or lreels of the float or floats, evenly divided be- 
tween the floats when twin floats are used. The horizontal load shall 
be applied along a line approximately halfway between the bottom 
of the keel and the level of the water line a t  rest. When built-in 
struts are used, checlr calculations shall be made for the built-in struts 
with the side load at  the level of the water line a t  rest. When twin 
floats are used, the entire side load specified shall be applied to the 
float on the side from which the water reaction comes. 

27. Fuselages.-The fuselage shall be investigated for  seven 
loading conditions-high angle of attack, low angle of attack, maxi- 
mum stabilizer and elevator load, maximum fin and rudder load, 
level landing, three-point landing, and nosing over. The entire 
fuselage structure will not have to be analyzed for  each of these con- 
ditions, but all must be considered and each stress investigation car- 
ried f a r  enough to insure that  the loads in all members limited by 
that condition are computed. Certain additional stress investigations 
will also be needed where eccentricities or bending loads occur and 
the results used in  connection with the standard loading conditions in 
the final design of the member affected. By  careful planning it will 
be possible to obtain the maximum loads in all members with a 
minimum of morli, and in the description of the various loading con- 
ditions this phase of the problem will be considered. Usually the 
analysis of the fuselage should not be made until after those of wings 
and landing gear. When it is not desired to carry out the work in  
this order, the fuselage analysis should be corrected i n  accordance 
with the results of the other analyses. 

28. Tab le  of p a n e l  loads.- 

Unit Weight Vertical Vertical Horizon- Panel points 1, 2, 3, 4, Horizontal / arm / moment ma1 arm etc.; a. b, c. d. e 1 moment 

............... Propeller--. 
Engine ................... - 1  

.................. Gas tank 1 
Etc ....................... ' 1  1 

Center of gravity .................... 1 
Totals ......................... 1 
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In the horizontal line beginning "Horizontal a rm" fill in  the dis- 
tance from the datum point to the panel points in question in the 
spaces occupied in the sample table bj7 a, 6, c, etc. 

I n  the vertical column under "Horizontal a rm" fill in the hori- 
zontal distance from the datum point to the center of gravity of the 
unit considered. 

I n  the column headed "Vertical a rm" fill in the corresponding 
vertical distance. 

Any point may be used as the datum, but the point selected should 
be clearly stated. The front face of the rear propeller flange will 
usually be found convenient and is recommended. 

I n  the column under the heading " Panel points " should be inserted 
the portion of the weight of each unit carried a t  each point. The 
horizontal totals will be the weights of the units, and the vertical 
totals, the panel loads. 

All weights should be given, including wings and chassis, but the 
panel loads should be modified when certain weights are omitted in 
the fuselage analysis, as, for example, the weight of the wings in the 
high angle of attack condition. 

Panel points may be numbered either front to rear, or rice versa. 
As many horizontal and vertical lines should be used as are neces- 

sary to represent the design in question, the form shown being only 
a guide. 

I n  computing the panel points loads to be tabulated, as indicated in  
Table 3, the following rules shall be observed : 
(a) Items located between two adjacent panel points of the side 

trusses shall be divided between those panel points in inverse pro- 
portions to the distances from them to  the center of gravity of the 
item. 

( b )  Items to the rear of the tail post shall be represented in tht? 
table by a load and a horizontal couple a t  the tail post. 

(c) Items supported at  three or more panel points shall be divided 
between those points by the aid of an investigation and analysis of 
the method of support, if practicable. Where a rational analysis 
is not possible, the division may be estimated. 

( d )  I n  all cases the moment of the artial panel loacls tlile to E any item about an o r i g ~ n  near the nose o the fuselage shall be WIIIS~ 

to the moment of the item about that origin. 
( e )  I f  desired, the loads may be divided between the upper and 

lower panel points in proportions determined by the vertical loca- 
tion of the units they represent. All loads are assumed to lie in the 
1;lane of symmetry and to be divided equally between the two ver- 
t ~ c a l  trusses of the fuselage. 

29. Panel point loads in three-point landing.-A separate 
table of panel point loads should be computed for  the three-point 
landing condition unless the loads are carefully divided between 
upper and lower longerons, as suqgested in the preceding paragraph. 
The labor involved can be greatly decreased by grouping items that 
:Ire supported by the same panel points and treatlng the Froup as a 
unit. The distance of the centroid of the group from the o : i~ in  
measured parallel to the ground can be found from the formula: 

= S 214, cos 0 i- B M, sin 0 
S 17' 
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TVhere $'=distance from the origin to  centroid, measured parallel 
to the ground line. 

XM,=sum of horizontal moments of units in group from 
balance schedule. 

XMV=sum of vertical moments of units in group from bal- 
ance schedule. 

EW=sum of weights of units in group from balance schedule. 
O=angle between ground line and propeller axis. 

The distance measured parallel to the ground line from the origin 
to the panel points can be scaled from the drawing or computed from 
the usual formula for the rotation of axes. 

Where x'=distance measured paralle,l to ground line. 
x=dista'nce measured parallel to propeller axis. 
y=distance measured normal to propeller axis. 
O=angle between propeller axis and ground line. 

y is positive if the point. is above t>he propeller axis and negat,ive if it  
is below. 

Whichever method is used to determine the panel loads for the 
three-point landing condition. ca.re must be taken that the equations 
of equilibrium are satisfied by the panel loads and reactions usecl. 

30. Low ang le  of a t t ack  condition.-In the low angJe of attack 
condition the fuselage shall be assumed to be subjected to the fol- 
lowing loads : 

(a) Weight sf fuselase and contents multiplied by the low 
angle of attack load fa,ctor. These weights are assumed to act nor- 
mal to the propeller axis. 

( 6 )  A load at the tail post, or on the horizontal tail surfaces per- 
pendicular to the propeller axis, and of the magnitude required to 
obtain equilibrium. 

(c) Loads from the wings equal to the forces supporting the wings 
in the low angle of attack condition multipiied by a factor sufficient 
to make the sum of the forces perpendicular to the propeller axis 
equal to  zero. 

( d )  A load along the propeller axis sufficient, to make the sum of 
the forces parallel to that axis equal to zero. The loads and factors 
under ( b ) ,  (c), and (d) are to be found by applying the equations 
of equilibrium k the entire structure. The entire fuselage side truss 
and some crossties vil l  usually have to be analyzed for this loading 
condition. 

31. Three-point landing.-In the three-point landing condition 
the fuselage shall be assumed to be subjected to the following loads: 

(a) W e ~ g h t  of the entire airplane. excepting only such units as 
are carried b;y the landing gear without the. aid of the fuse,lage. 
These loads are assumed to act perpendicular to the ground line. 
The load factor for this condition is specified in Table. 1. 

(6)  The landing-gear reaction, which, as determined from the 
landing-gear anal~~sis  for this condition with no re,duction for the 
use of oleo shoclr absorbers, should balance the weights. The entire 
fuselage side truss will usually have to be analyzed for this 
condition. 
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32. Xswrimum stabi l izer  a n d  e levator  load.-The fuselage is 
to be analyzed under the maximum loads on the horizontal tail sur- 
faces specified in  Table 1 and the required supporting forces at  the 
wing connections. The load on the tail is  assumed to act down. 
Usually i t  will be found that a t  some section to the rear of the  con- 
nection to  the n-ings the loads in the fuselage members in this con- 
dition are less than in low incidence. The analysis for this loading 
need not be carried forward of that section. I n  designs without tail 
skids, as seaplanes, a similar loading condition must be investigated 
in which a load equal to  half that specified in Table 1 is assumed to 
act upward on the stabilizer and elevator. 

33. Maximum fin and r u d d e r  load.-The fuselage is to be 
analyzed under the maximum loads on the vertical tall surfaces, 
specifiecl in Table 1, and the required supporting forces a t  the wing 
connections. These loads must be assumed to act in either direction. 
I n  analyzing for this condition proper allowance must be made .for 
the torsion clue to the fact that the center of pressure on the vertlcal 
surfaces is above the fuselage, where that  is  the case. On  many air- 
planes this can best be done by applying a load greater than the tail 
load on the upper truss and a load in the opposite direction on the 
lower, the resultants of these two loads being equal to the resultant 
load on the tail. On  small airplanes even this conservative method 
will indicate sizes smaller than could be allowed from other practi- 
cal considerations. Where this method is considered too conserva- 
tire, the method of least work or some similar method of allowing 
for the torsion mag .be used. I n  all cases proper account shall be 
taken of openlngs ancl similar places where the trussing is 
not continuous. This condition will usually determine the design 
of the top ancl bottom trusses of the fuselage, except in the forvard 
portion, where they are affected by the wing and landing-gear loads. 
34. Level landing.-In the level-landing condition the fuselage 

shall be assumed to be subjected to the following loads: 
( a )  Weight of the airplane, except the chassis, assumed to act 

normal to the ~ rope l l e r  axis. 
( b )  The landing-gear reactions from the level-landing chassis 

analysis with no reduction for tll? use of oleo shocl; absorbers. The 
vertical component of these reactions should balance the weights. 

( c )  Horizontal loads representing the inertia forces due to slom-ing 
down of the airplane. As the rear portion of the fuselage will not be 
limited by this loading condition: the following procedure will be 
found convenient. 

( d )  Compute the loads in some panel to the rear of the wing con- 
nections by the method of sections, or its equivalent, and apply these 
loads as external forces at  the forward end of the panel. I n  making 
this computation consider only the weights of fuselage and contents 
to the rear of the section investigated. 

(e )  Divide the load under ( c )  into a load on each longeron at the 
f o r ~ a r d  end of the panel mentioned in ( d )  in such manner that the 
front part of the fuselage truss grill be in equilibrium under the es- 
ternal forces. This condition will usually be critical only for mem- 
bers in the forward part of the fuselage. I f  desired, the panel loads 
may be assumed to act parallel to the resultant of the landing-gear 
reactions. 
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35. High a n g l e  of attack.-In the high angle of attack condi- 
tion the fuselage shall be assumed tso be subjected to  the following 
loads : 

(cr . )  MTeiglit of fuselage ancl contents m~iltipliecl by the high an,gle 
of attack load factor. These forces a re  assumed to act nornlal t,o the 
propeller axis. 

(7,) The  lli,nh angle of nttaclr wing reactions multiplied Is? the 
factor required for  equilibrium. 

(c) A load on the ilosc of the fu se l a~e ,  act in^ along t,lie propeller 
axis, and of tlie magnit~icle ~~~clu i l . ed  by the conditions of ecluilihrium. 
This  load !nay be consiclered to represent the resultant, of t h e  pro- 
peller thrust,  c?rag of the fuselage, and the coml)onents of the weight. 
and  inertia forvcs of the fuselnge ancl content,s lmrallel to the pro- 
peller axis. 

\d) 'An arbit,rary load a t  the  tail post, actring normal to tile pro- 
pel er  axis, of the magnituile and acting in the direction required by 
the conditions of equilibrium. 

(e)  The  i ~ r q l l ~  1 0 ~ d  treated in the manner describecl in paragraph 
37. I n  order t,o determine the factor required for  1o:tcl ( b ) !  and  the 
magnitude of loads ( c j  ancl ( ( I ) ,  i t  will usually be necessary to write 
d o ~ r n  and solve tlie equations of equilibrium foi, the ent,ire structure 
in  a manner similar t,o that suggest,ed in paragraph 30 for coml3uting 
the  loilcls i n  the  lo^ angle of attacl;. 

36. N o s i n g  over.-The front  part. of the fuselage shall be de- 
signed to resist the forces to which i t  moulcl be subjected in nosing 
over unless the landing gear is of such construct,ion that tlie prob- 
ability of such an acciclent is remote. T o  simulate this condition, 
assume t he  airplane to  be resting on the w l ~ e ~ l s ,  ~~T.itll t,he tires de- 
flected through a distance equal to  one-half the tire diameter, and 
the center of the prol:)eller hub or  tha t  portion of the prinlnry struc- 
ture  of the fuselage tha t  would strike the ground first. P,ssume the 
~ r o s s  weight of the airplane t o  act a t  the center of rravit 'y and  per- 
pendicular to the ground. The load factor required shall be tha t  for 
the three-point Innding condition. 

S 7 .  C o m p u t a t i o n  of t o r q u e  load.-The engine torque is equal to  : 
T = 63.000 PI71 

vllere T= torclue in inch pounds 
P= horsepo~rer of engine 
n= propeller speed in rerol~itions per minute. 

The t o ~ ~ c ~ u e  1oa.d on each e i l ~ i n e  bearer is T / d  ~ ~ l l e r e  d is the 
distance in inc11e.s lsetween engine bearers. This  load acts down 
on one engine hearer and u p  on t.he other. 

The  resulting moment is ta,lien care of by  an unsymmetrical 
clistribution of 1oa.d betmeen the wings and b~ forces in the fuselage 
cross bracing. I n  certain cases. especially ~vllen geal-ed engines are 
used, the stresses due to the torque sl~oulcl be compute,d for  all 
fuselage nlembers affected, the necessary reactions bein? assumed 
to set a t  the connections of the wings ~ i t h  the fuselage. Otherw-is?, 
the follo-nring approximation may be usecl. The  torque load is as- 
sumed to act dov-n on the  engine bearer and to he held in  equi- 
librium by ~ ~ e r t i c a l  forces act.ing a t  the main connections of the wings 
n-it,h the  fuselage, the engine bearer and the members of the f ~ ~ s e l a g e  
side truss being assu~ned to lie in a single plane parallel to the plane 
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of symmetry. I n  case of direct-drive engines the stresses due to  
torque load and its equilihrants shall be multiplied by a factor of 
safety of 2 and added to the stresses found for the high angle of 
attack condition; in the case of geared engines the factor of safety 
to be used shall be 3. The stresses are to  be added arithmetically 
and not algebraically, because if the forces induced by the torque 
load in any member are opposite in sign to those due to the dead 
weights there will normally be n corresponding member on the oppo- 
site side of the fuselage in which the forces due to torclue loads and 
dead weights will be of the same sign. 

When a direct-drive engine is carried by engine bearers that  are 
supported at  t,wo or more points the torque load shall be divided 
between the points of support i n  the same proportions as the weights 
carried by the engine bearer. T;lThen a direct-drive engine is sup- 
ported by a vertical plate the torque shall be assumed to act a t  the 
center of gravity of the engine. I n  the case of a geared engine the 
torque shall be assumed to act at  the gear box. 

38. Special conditions.-In addition to the standard loadings 
described above, which give only the axial loads in  the side trusses, 
the following points must be investigated and computations made 
if necessary : 

(a) I f  units situated between panel points or  loads from other 
major assemblies are carried by bending in members of the main 
trussing, numerical estimates of the amount of such bending must 
be made, and, if serious, this bending must be allowed for in the 
design of the affected members. 

(6) The strength of the fuselage members, not part  of the main 
trussing but transmitting loads to it, must be investigated. I n  
general, these members shall be designed for the same load factor 
as the part  of the main fuselage structure to which they are 
connected. 

( c )  Care should be titlren tha.t the fuselage is strong enough to 
carry the loads from the chassis in the level-landing condition with 
side load or in a. one-wheel landing condition. The loads from the 
chassis in these cases are unsymmetrical, and the bullcl~eads where 
the fuselage and cliassis are connectcd should be strong enough to 
equalize them between the fuselage trusses. 

(d) The engine-mount section of the fuselage shall be capable of 
carrying the weight of its contents, acting sideways, with an ultimate 
load factor equal tro one-half of t,he high angle of attack factor. 

( c )  TVherever there is an eccentricit'y in the fuselage trussing the 
stress diagram shall be drawn for a t,heoretical truss in which t,he 
eccentricity has been eliminat,ed. I n  designing the members, how- 
ever, the bending due to the eccentricity shall be computed and used 
in  determining the design sizes. 

( f )  The forward portion of the fuselage shall be analyzed for 
the condition of inverted flight in all cases where i t  is not necessary 
to analyze this part of the structure for the nosing-over condition. 

(g)  Design of new er6yin.e mumt for existing a . i ~ ~ . - - T T h e n  a 
new engine mount is to be designed for an existing airplane and i t  is 
not necessary, because of the margins of safety in the existing struc- 
ture, to  make an entire new fuselage analysis, i t  shall be designed for 
the following conditions : 

9 5 4 7 7 " - 2 S A  
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I. High angle of attack and torque: The analysis shall be made as 
specified for the fuselage for those conclitions, using load factors 
based on the new power loading if any change is made, except that 
the reactions required may be assumed to be applied a t  the points 
where the new structure is joined to the st,ructure of the original 
design. 

Inverted flight: The load in each member shall be assumed 
to be of opposite sign to the load in that member, due to  high angle 
of attack and torque, and its magnitude equal to 75 per cent of that 
load. This condition will be assumed to cover the condition of nosing 
over as well as inverted flight, the high ratio of reversal of load being 
used so this will be possible. 

I". Side load : This condition shall be analyzed a s  specified above 
in subparagraph ( d ) .  

I". I n  designs for which the clesign load factor for the landing 
conditions is greater than that  for high angle of attack, the landing 
factor shall be used in place of the high angle of attack factor in the 
analysis for the condition of high angle of attack and torque. 

(A) When the point of contact of the tail skid with the ground is 
in front of the tail post a distance greater than 1.5 times the vertical 
distance between longerons at  the tail-skid station, the rear portion 
of the fuselage shall be investigated for a special three-point landing 
condition in which the basic load on the tail skid shall be assumed 
to act a t  the lower end of the tail post. The load facttor for  this 
condition shall be that for  the landing conditions minus 1. 

39. Cabane.-In the inverted-flight and nose-dive conditions the 
cabane should be considered a part of the wing structure and 
analyzed with it. I n  the high and low angle of attack conclitions i t  
will be simpler, in general, to  analyze i t  as part  of the fuselage struc- 
ture. When there is some doubt as to how the loads are divided 
between cabane members, all possibilities should be considered and 
the analysis made according to assumptions that  will be conservative 
for both cabane and fuselage. This may require more than one 
analysis of the cabane and forward section of t,he fuselage in either 
high or  low angle of at,t,aclc. The most usual case where there will be 
doubt regarding the action of the cabane is when the front spar is 
at,tached to the fuselage by a. tripod of struts. I n  this case the cabane 
should be in~est~igated by the method of least work. 

I n  order to allow for unsymmetrical loa,ds on t,he wings, as in a roll, 
the cabane shall be investigated for the stresses that  would be present 
in t,he high and low angle of attaclr conditions if 75 per cent OF the 
design load were acting on one wing and 50 per cent of the design 
load on the other. 

40. Nacelles.-The loads on a nacelle must be. considered from 
two standpoints-that of determining the design of the nacelle itself 
and that of determining the design of the internacelle wing structure. 
For  the design of the nacelle itself the following conditions must be 

- 

considered : 
(a) 7Veight of nacelle and contents acting in beam direction multi- 

plied by high angle of attack load factor, torque load multiplied by 
a load factor of 2 for  direct drive, 3 for geared drive, and reaction 
from wing structure. 



(71) The weight of nacelle and contenls acting sideways multiplied 
by one-half the high angle of attack load factor and reaction from 
1 he wing structure. 

(c) Condition (a) with the direction of loads reversed and the 
inverted-flight load factor. The torque load may be decreased pro- 
portionately t o  the other forces. 

41. Effect  of nacel les  o n  b e a m  forces.-In the wing analyses, 
for high and low angle of attaclr and inverted flight, the  weight of 
the nacelle and contents must be treated as a beam load on the wing 
structure. The division of this load between points where the nacelle 
is  supported will be obtained from a nacelle analysis. Usually i t  will 
be simplest to make the nacelle analysis in such a way that the effect 
of the torque and variable weights cnn be separated from the effect 
of the fixed weights. The nacelle load on each truss can then be 
considered to act as a single load a t  the nacelle center line or as equal 
loads a t  the sides of the nacelle, depending on the local construction. 
Two sets of conditions must be investigated--one with both fixed 
and variable weights and the other with only the fixed weights con- 
sidered. The torque may be neglected in f i p r i n g  the effect of the 
nacelle in the wing structure. as its effect is slmply to shift  the center 
of gravity of the  nacelle slightly. 

42. Effect  of nacel les  o n  chord  forces.-In designs with nacelles 
the following rules should be used for  computing the loads in  the 
internal or drag trusses : 

(a) The  internal wing trusses shall be assumed to be supported at  
the cabane and fuselage in all flying conditions. 

(6) The head resistance of the nacelles shall be represented, in each 
of the loading conditions, by chord loads equal to 0.4 of the chord 
components of the total air load on the wings, divided equally be- 
tween nacelles and acting along the propeller axes. These loads will 
be assumed to act backward. 

( c )  The chord components of the weight plus inertia of the nacelles 
and contents shall be computed by multiplying the weight of the 
nacelles and contents by the load factor and the ratio of the chord 
component to the beam component of the air load on the wings. in 
the high and low angle of attack conditions, and by the safety 
factor 2 in  the nose-dive condition. These forces shall be assumed to 
act a t  the propeller axes and in  the direction opposite to the chord 
com onents of the air load. 

($) When nacelles are placed on the wings of monoplanes. the 
same rules will apply, except that  in the nose-dive condition all loads 
mill be increased as specified in paragraph 14. 

( e )  Xule (6)  is based upon the assumption that the total drag of 
the airplane is produced 50 per cent by the wings, 30 per cent by the 
fuselage, and 20 per cent by the nacelles. Whenever sufficient data 
exist for  a particular design to justify a different assumption a s  to 
the division of the total drag, a special ruling should be requested. 
Rule ( c )  is  based upon the assumption tha t  the weight and inertia 
of the wings act in a direction directly opposite t o  the resultant gross 
air  load. 

43. Effect  of nacel les  o n  fuse l age  analysis.-The presence of 
~lacelles in a design will affect the analysis of the fuselage principally '' * , 
through changing the location of the power plant and the amount . 
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of the forces f rom t~he wings. I n  order t.o balance the force ~ y s t . ~ m ,  
i t  will usualljr be necessary to  npply arbitrary forces at. some of t,he 
wing connections, ancl the amounts of such forces should be definitely 
stated. I n  the landing condition, allonyance should be made for  the 
way in which the ~veights of wings: nacelles, etc.: are  applied, if a t  
all, to  the  fuselage struct,ure. 

44. Effect of landing gear attached t o  the wings.-TVhen 
landing genrs :ire attached directly to  the wings? tha t  par t  of the 
wing struct,ure between the outermost landing-gear members nlust 
be consiclel,ed as a par t  of the fuselage in t.lle landing conditions. 

PART 3.-RECOMMExDED PBACTICE 

The  follon~ing practices in airplane construction hare  been de- 
c re loped over a long period of ~~ea l - s .  They are  standard in character 
n.nd are considcrecl essential in the development. and procluction of 
:~p l ? rov~d  t.ype a.ircr:~ft. Dcria tion from t,hem I I I R , ~  be made if and 
117l1en i t  is clemonstratecl t.hat such deviation is  productive of the  same 
or better results. 

I. Wings.-(a) Fitt,inys shall be designed to  carry loads 20 per 
cent. in excess of the design lo:~c!s fo r  the n1embe1.s to w-l-hich they are 
connect ecl. Since, in snla,ll mi~.cs, the initial tensions due to rigging 
mag impose n consiclel.able 1o:tcl on t l ~ ~  fittings, i t  is required that  
~v i rcs  and cables up to and  including the 374CK)-pouncl size shall be 
nt,t,achecl to lnps having t,he same rated stl.engt11 :IS the wires o r  
cables. (See fi;:. 9 for  sizes of st.:~nd:lrcl lugs.) 13e:it-treated or  
allojl-steel fittinps slionld be used wit11 c:lution because of the element 
of d a n p r  invo11-cd in mnlring ficlcl rep:~irs. 

( 7 1 )  15'11en stre:~:nline wii.es are usecl fo r  l ift  ~i.ires, t,l~ey shall be 
double 11nles.s thc w i n ~ s  a1.e so clesignecl t,ll:lt ~ i ~ i t l l  any lift  wire re- 
~noved the strcngtll of t11e i.en~ainin;: wing stl.uct.ure will be adequate 
t,o cle,velop load f:~ctcrs of not less thnn 50 per cent of those, specified 
in  Fig111.e 1. Wher! doul:)le, wires are u~ccl  eilcll shall bc capable of 
cnrr~i ing G5 per ccnt of the design loa.cl. Loop terminals will be 
assumed lo 11:tvc S5 per ccnt. of the r:~t.cd v i r P  strc~ngth. 

( c )  Thc  n l a s i ~ l l ~ n l  wing rib spacing permit.ted wit,h fabric cover- 
ing  is given in Tablc 4. 'I'his s11aci11,g is cletermincd by the necessity 
of preventing the covering from defie,ctinp to such an extent that, 
the  properties of the wing wil! be afl'ectecl by the change in the effec- 
tive airfoil section. usual ly  a t  least one intermediate. false r ib  will 
be required in  the nose portion to keep the surface free from 
irregularities. 

TABLE 4,--nfazin1t!~1. 1-2) spncii?g, i n  i?wll.es 

1 For sprrds lcss than  100 milrs per hour us? (.he Ii~urv3 for 100 miles per hour. 

( d )  Thin 1213-~~ood or met:~l covering hhould Ise used on bath sur- 
faces of eacl~ wing within the slip stream. between the leading edge 
and front  q a r .  On all airplanes whose 11igh speed is greater tlian 
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100 miles per hour i t  is advisable to extend this covering along the 
:ntire leading e d ~ e .  

(e) I n  the deslgn of wing spars and other members subjected to  
combined axial and transverse loads proper allowance must be made 
for secondary stresses. The Berry method given in Aeroplane Struc- . 
tures by Pippard and Pritchard, the method given in Graphische 
Sta.tik by Muller Breslau, or the Army Air  Corps "precise" method, 
given in Airplane Design by A. S. Niles and in Information Circular 
493, are acceptable. Of the three, the last is preferred. 

( f )  I n  determining the allowable stresses in metal members sub- 
jected to combined bending and compression the allowable stress mill 
be assumed to lie between that which the member would carry as a 
column and tha.t which it would carry as a beam. The exact value 
will be determined from the ratio of stress due t o  bending to the 
total stress; that is, if the stress due to bending is three-fourths of 
the total stress, the allovable stress under combined loading will be 
equal to the stress that the member woulcl carry as a. column plus 
three-fourths of the difference between its modulus of rupture in 
bending and its strength as a column. The a,llowable stress in 
~vooclen members shall be determined from Figure 7. 

(g) Tests on I and box spars have shown that  a decrease in the 
web thickness results in a serious decrease in the modulus of rupture. 
F o r  purposes of design, the modulus of rupture of such spars shall be 
that obtaincd from Figure 7. I n  addition to decreasing the moclulus 
of rupture, thin vebs result in increased deflections and secondary 
stresses. The study of the problem has not yet progressecl t,o a point 
where i t  is possible to state the most efficient wcb thickness for a 
given spar. I n  $,he case of solid spars the web should be a t  least y! 
inch t,hick, except on very small airplanes, nnc-l i t  will often bc 
aclvanta.geous to use a. solid rectangula!: section instead of an I. Less 
is kno~vn about the proper web thickness for box spers, but % inch 
is considered a good minimmn thickness for each web. The web may 
be made of either two-ply or three-ply material: but in  either case 
the grain of the individual plies should make an angle of 45" with 
the axis of the spar.  where box spars are used, i t  is desirable to 
checlr the proportions of the design by constructing a short section 
of spar and testing i t  to the required shear and bencllng -moment. 

The allowable total unit stress in spruce members subjected to 
combined bending and compression shall be computed by the inethocl 
developed bv the Forest Products Laboratory, t.hrough the aid of 
Figure 7. o n  the right--hand side of this figure are two families of 
curves-the upper one for  the determination of the modulus of rup- 
ture, the lower one for the elastic limit in bending. Each of these 
quantities is dependent on the ratio of compression flange thickness 
to  total depth of beam and t.he ratio of web thickness to  total width 
of beam. On the left-hand side of the ficure are two additional 
families of curves. The "horizontal" famLily indicates the elastic 
limit under combined bending ancl compression, and the L'vertica.l" 
family the effect of various slenclerness ratios on the former uantity. 

The allowable total stress under combined load, F,, is ound as 
follows : 

9 
'. For the cross section of the given beam, find the elastic limit in 

bending a.nd the nlodulus of rupture from the ratios of compression 
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flange thickness to total depth, and web thickness to total wiclth, 
locating points such as A and B. . . 

I1. Project 3oints A and B t~o the central line, obta,ining points 
such as c a.n d D. 

"I. Locate a point such as E, indicating the elastic limit of the 
given section under combined bending and compression. This point 
will be a t  the intersection of the curve of the "horizontal" family 
through C and the curve of slenderness ratio corresponding to the 
distance between points of inflection. 

I V . D r a w E D .  , 

V. Locate F on ED,  with an abscissa equal to the comput,ed ratio 
of bending to total stress. The ordinate of F represents the desired 
value of F,. 

The followiilg rules should be observed in the use of Figure 7 :  
I. The slenderness rat,io shoulcl be that between points of inflection. 

When the ends of a member are restrained, this need not be computed 
with excessive precision, as  a. small error in L/P will not result in a 
large error in Ft. For  wing spars, the following approximations are 
acceptable : 

I n  computing the margin of safety L may be ta.lien as the distance 
between points of inflection under side load alone, unless the designer 
wishes to compute the distance by a precise formula. 

I n  computing the margin of safety near the outer strut L may be 
taken as twice the distance from the support to the outer point of 
inflection. 

I n  computing p for the purpose of applying t'he curves of Figure 
7  filler blocks may be neglected and, in case of a tapered spar, the 
average value should be used. 

". I n  computing the modulus of rupture a,nd the elastic limit in 
bending the properties of the section being investigated should be 
used. Filler blocks may be included in the section for this purpose 
and also in computing the imposed stresses fb, f,, and ft. 

The bending moment from which f l ,  is computed must include 
an allowance for secondary bending. When possible, this should be 
done by using a precise method for computing the bending moments. 
When this can not be done, a rough allowance must. be made for 
their effect. 

For beams subjected to a uniformly distributed lateral load, the 
distance between points of inflection can be obtained from the 
nomogram Figure 8. 

( h )  A t  points of application of large concentrated loads, the 
rout>ing of I spars shall be omitted and filler blocks used in the space 
between the flanges of box s ars. These filler blocks must be designed 
to carry the local stresses eg ien t ly  and to avoid undue concentrations 
of stress. I n  order to avoid an abrupt change of section a t  the ends 
of the blocks, they should taper with an angle of not more than 30" 
to a thickness of not more than 1/4 inch. The middle portion of the 
block may, if desirable. have sides perpendicular to the spar axis. 
The size and weight of filler blocks can often be reduced and the 
tendency to check eliminated by constructing them of ply\vood, the 
individual plies being from l/s to 1/4 inch in thickness. The plies 
adjacent to the spar webs should have their grain parallel to the spar 
axis. 
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(i) I n  computing the area, momen; of inertia, etc., of wood spars 

lerced by bolts, the diameter of the bolt hole shall be assumed to be 
25 er cent greater than the diameter of the bolt. 

3) I n  computing the properties of box spars for final design only F 
that portion of the web with its grain parallel to  the spar axis and 
one-half of that  portion of the web with its grain a t  an angle of 48" 
to the spar axis shall be consiclered. I f  desired, the more conservative 
method of neglecting the web entirely may be employed. WThen 
computinp the form factor for  box spars, the total thiclmess of both 
webs shall be used. 

( I c )  For  preliminary work, a box spar may be considered as a truss 
with a continuous web. The totnl load in each flange, due to bending, . 
will then be the bending moment divided by the distance between the 
centroids of the two flang~s. Dividing this value by the flange area 
will give the average unlt stress in the flange. ?he average unit 
stresses in each flange due to bending and axial load should be added 
algebraically to find the total unit stresses. I n  this method the allov- 
able net stress in the compression flange should be taken as 5,000 
pounds per square inch and in the tension flange as 10.000 pounds 
per square inch for first-class spruce. 

( I )  All spruce spars should have a ratio of height to width less 
than 5, whether they are of box or solid construction, unless particu- 
lar attention has been paid to lateral support. I11 all beams, whether 
of wood or  metal, if the moment of inertia about the vertical axis is 
less than one-fifth that about the horizontal axis of the beam, an 
investigation shall be made of the strength of the beam against lat- 
eral buckling. The following procedure is acceptable but the de- 
signer may, ~f he desires, submit an alternative procedure for con- 
sideration. Assume that the load to be carried is the end load in the 
front beam plus the end load in  the rear beam for a given condition 
of flight; that  each beam acts as a pin-ended colunln whose length is 
the length of a drag bay and that the strength available is the 
strength of the front beam plus the strength of the rear beam. T o  
allow for the strength contributed by the leading edge. fabric, etc., 
the load factor requlred is two-thirds of the normal load factor speci- 
fied for the condition investigated. I n  box spars the area of the 
tension flange should always be at  least one-half the area of the 
compression flange. 

(172.) I n  designing the webs of box sparsc: the maximum intensity of 
stress in long~tucl~nal shear shall be computed by the formula, 
f=X&/bZ ,  where S is the magnitude of the vertical shear a t  the 
section, Q is the statical moment about the neutral axis of the area 
above the section under consideration, b is the entire web thickness, 
and I t,he moment of inertia of the cross section. The allowable 
unit stress in longitudinal shear for two-ply spruce plywood having 
the grain a t  45O to the axis of the spar mag be obtained from 

Fs=960+'- 140 45.50 v c  
when C is the spacing of the stiffeners or diaphragms, in inches, D 
is the distance between the centroids of the top and bott,om chords of 
the beam, in  inches. This formula gives satisfactory results for  
beams whose effective depth-the distance between chord centroids- 
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is greater than 4.5 inches. FO; other moods the allowable strength. 
may be computed from the relation between the strength propertic 
of the wood used and those of spruce, or by test. For  more complete 
data on the shear strength of plywood webs of box beams, see Air  
Corps Information Circular No. 587, by Roy A. Miller. 

(71 , )  When the deflections of box, solid rectangular, or I spars are 
desired, they should be computed by one of the common formulas of 
mechanics. Deflections of trusses, no matter how shallow, should be 
computed by one of the standard methods applicable to trusses. The 
use of a formula applicable to beams for the computation of truss 
deflections will not be approved, except where tests hare  been made,! 
on the actual truss to determine its effective "EI." 

(0) Where a joint in a spar is designed to transmit bending from 
one section of the spar t.o another, the stresses in each part  of the 
structure shall be calculated on the assumption that  the joint is 100 
per cent, efficient and also uncler the assumption tha.t the bending 
moment transmitted by the joint is but 50 per cent of that  obtained 
under the assumption of perfect continuity. Each part of the struc- 
ture shall then be designed to carry the most severe load as deter- 
mined from the above assurrtptions. 

(p) I f  eccentric fit,tings are used on a.ny member, due allowance 
must be made for the resulting changes in stress distribution. The 
effect on the member itself must be carefully investigated. 

( q )  The slenderness ratio of struts-length divided by minimum 
raclius of gymtion-shall be less than 200. 

2. Fuselage.-(a) I n  all fuselages the longerons, vertical, and 
dia.gonal struts shall be clesigned \17itll a coefficient of restraint be- 
tween 1 and 2, acco~ding to the judgment of the designer and the 
type of fitting. I n  all cases the value assumed for the. cofficient of 
restraint must be stated by the designer. 

( b )  Except for airplanes ~ v e i g h i n ~  less than 1,000 pounds, the 
minimum sizes of steel tubing recommended for the primary members 
of wire-braced fuselage structures are:  % inch by 0.035 for longerons 
and web members of the side trusses and members of the engine 
mounting; y8 inch by 0.035 for web members of the top and bottom 
trusses. 

For  fuselages of all tubular construction, each of these sizes may be 
reduced 1/8 inch. 

These sizes are advisable as minima, where their 1enpt.h will not 
he greater than 30 to  36 inches: from the standpoint of maintenance 
and handling, although they may appear to be g ~ e a t l y  overstrength 
for the loads imposecl on t,hem in the dmign conclltions. For  larger 
fuselages the diameters given above should be increased, or the tubes 
made. sufficiently strong to carry a. loacl equal to the sum of the 
1-ertical, or  horizontal, component.s of all wires attached to the mem- 
ber in cluestion when such wires carry an initial tension of 25 per cent 
of their rated strength. 

(c)  I t  is recommcncle6 that the attachment of items of equipment, 
etc., to ma.in members of the fuselage structure be made by means of 
clips or  pins, not by welding. 

3. Landing gear.- ( a )  Shoclr-absorber cord installations shall 
be designed to nrithstand the s11ocl;s of landing, and care must be 
taken in construction that  the cord is applied with the proper initial 
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msion to give t h e  shock-a,bsorbing characteristics upon which the 
-esign was based. 

( b )  The effect of eccentricities in the chassis due t,o the rise of the 
axle or the relative locations of other members sha.11 be carefully 
considered in the design. 

4. Fittings.-(a) The dime,nsions of all lugs should be such that 
they will fit. st,andarcl clt.vises of corresponding sizes. The average 
strength of wire lugs of any design shall be at  least 15 per cent in 
excess of the ra,ted strength, and the actual strength of any individual 
lug must not be below the rated strength. Lugs made of cold rolled 
steel, in conformity to the limit,ing dimensions given in Figure 9, are ,! 

considered to comply with the above requirements. Lug designs of 
other materials, or not in conformity with the dimensions of Figure 9, 
will have to be tested before acceptance. Such tests must be carried 
Lo destruction of the lug and the. type. of failure reported. The fol- 
lowing rules govern the use of Figure 9. 

I. Dimensions T and I) are ~let~ermined by the dimensions of the 
fork ends of t,he standarc1 terillinals and Ule area required for bearing 
of the pin. 

I1. Dimension K is clet,ernlined by the required strength and the 
fork-end dimensions. I t  shall be neit,her exceeded nor diminished, 
except to the extent of the ma,nuf acturing tolerances. 

Dimension M is a miriimunl which may be exceeded if desired. 
I". Dimension B is the least width of shank allov~able with the 

given plate thickness, t ,  and limy be exceecled if desired. 
V. When pin plates are usecl, ca,re must be taken that. the stress 

imposed on the  pin pla.tes by. the pin can be carried into the shank 
of the lug. 
(6) I n  fitting d e s i ~ n  care must be talren not to pierce a structural 

member at  a polnt that will seriously weaken it, or t,o make wires or 
st,ruts unnecessarily cccent,ric. Proper allowance shall be made for 
material removed by bolt holes in designing spars, longerons, and 
other members carr5ring stress. 

( G )  Clevis pins shoulcl alwa,ys be insert,ed in t,heir fittings with t,he 
liead uppermost. on assembly of the airplane. a,nd wire, cable and 
stmt terminals, and bolts should be so inserted. The fitt,ings should 
he designed accordingly. This is to reduce the possibility of the pin 
or bolt falling'out in the event of failure to safety i t  properly with 
wire or cotter pins. 

( d )  The threaded ortion of a, bolt should not be used to take a k' shear load when the s ear load on the bolt is greater than 25 per cent 
of the bolt's rated shear strength. When the shear load exceeds this 
d u e ,  not over one-fourth t,hiclmess of the fitting should bear on the 
threads. This condition may be obtained by using washers where 
necessary. 

(e )  I n  det'ermining the sizes of solid steel bolts t,o be used in wood 
the strength of the wood in bearing against the bolts shall be obtained 
from Figure 10. No bolt smaller than the 1h-28 size should be used 
in the primary structure. The use of hollow bolts with, compara- 
tively thin walls is to be avoided. as the,y tend to bend and t,hrow 
the load toward the outer portions of the bolt hole. Tests a t  the 
Forest Products Laboratory show that such bolts are little, if any, 
more efficient than solid bolts of t,he same area. 
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Standa,rd eyebolts or similar special. bolts having a fillet betwee. 
the head and shanlr with a, radius less than l/s inch must not be use, 
in places where they will be subjected to bending and vibr a t '  ion. 
Particular care must be taken to avoid the use of such bolts in loca- 
tions in t,he cont,rol systems and surfaces where ribration might, 
cause fatigue failure. 

( f )  Commercial ma,chine screws shall not be used as substitutes 
for aircraft bolts in any part of the primary structure. 

(g) I t  is recommended that fittings be made up  of the smallest, 
practicable number of ~onst~ituent parts, so that  reliability will be 
increased and welding, brazing, and r iwting in their manufacture be 
reduced to a minimum. To attain t,llis end, the use of pin pla.tes 
should be a,voided whenever possible. TVhen wires of different sizes 
must be attached to the same. plate, spot facing can usually be resorted 
to in order to avoid the necessity for pin plates. 

Flame brazing or partial dip brazing. shall not be practiced on 
assemblies that  constit,ute parts of the primary struc.t,ure. 

5. Control system.-(a) Where a wheel control i s  used, the 
wheel should have an angular motion varying from 180" to 360" from 
the neutral position. The wheel diameter should be from 14 to 20 
inches. The distance from the wheel in its rearmost osition to the 
back of the pilot should be 14 inches, and its forwar 3 travel should 
be from 18 to 24 inches. The height of the wheel should be such that 
i t  will clear the pilot's legs with the seat in highest position, so that  
the range of seat adjust,ment will not be limited. The rudder peda!.s 
on large airplanes may have a. motion up' to 10 inches total. 

( 6 )  The movement of the. control surfaces should be not less than 
20" past neutra,l i n  either direction. I n  some airplanes i t  may be 
desirable to favor an upward movement. There should be 
no interference between t,he surfaces or their bracing when one is 
held in its extreme position a,nd the other operated through its full 
angular ino~lement. 

(c) All control systems should be provided with st,ops, so that 
their movements will be limited by these st,ops rather t.hn,n be acci- 
denta.1 interferences. When possible, such a st,op should be placed 
in proper relation to the control stick or column near it,s fulcrum, 
so as to limit its movement to the desired maximum in every direction 
This will prevent the cont.ro1 from sticking or bearing against the 
pilot,'s limbs or body in the e.vent of a structural failure in flight or 
in crash. I t  will also serve t~o protect the instruments and prevent 
jamminr of the stick behind other controls or instruments. 

(cl) The maximum pull on the stick that  can normally be applied 
by a pilot in flying position is assumed to be 200 pounds. The sticlr 
should be designed t,o withstand a push or pull of 300 pounds in a 
fore-and-aft direction and a force of 150 pounds in a. lateral clirec- 
tion. The stick should be ma.de of a nonferrous material, unless the 
position of the compass is such that the use of a control stick of 
ferrous material u~oulcl not cause deviation of the needle. A wheel 
control should be designed to withstand a force of 300 pounds fore 
and aft,  and a couple equal to 125 pounds times the diameter of the 
wheel applied tangent to the rim of the wheel. 

The rudder bar or pedals shoulcl be built to withstand a force of 
300 pounds applied at  the point of contact with the foot. On air- 
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nl:. qes having a gross weight of 1,000 pounds or less, two-thirds of the 
‘hove values may be used. I n  any case the strength of the control 
system shall be sufficient to withstand loads on the control surfaces 
25 per cent greater than those specified in Table 1 for the design of 
the surfaces. 

( e )  The maximum movement of the cont,rol surfaces should corre- 
spond to the maximum movement of the controls. 

( f )  Care should be exercised in the design that friction in controls 
is reduced to a minimum. Properly designed bell cranks, carefullv 
hung . - pulleys, - . and, on large airplanes, the use of ball bearings will 
aid in thls. 

( g )  .Unless the design of the control surface hinges is such that the 
possibility of failure 1s very remote, a t  least three hinges should be 
used on each surface. 

(h)  I t  is important that the linkage be true t,o prevent binding of 
some of the parts. Play or lag in controls should also be reduced 
to a minimum. 

(i) Care must be taken in the design to prevent the possibility of 
the jamming, of the controls in case of failure of the seat,, Aoor, 
cowling, or similar parts of the airplane. 

( j ) .  When speed IS of great importance, cables and control masts 
should, when pra,cticable, be internal. When this is done, however, 
inspection holes should be provided, as i t  is essential that  controls be 
inspected f requentlp. 

(k) Strength calculations should a,lways be made for the impor- 
tant members in control systems. I n  these calculations t,he strength 
of all members carrying loads from the control system to the primary 
structure should be inrestignted, and also the possibility of the 
arrangements usedscausing excessive stresses in the primary structure. 

(I)  The points of attachment of control rTires or  push rods to 
ailerons should be located opposite drag struts in such a manner as to 
prevent the application of torsion to  the rear spar. I f  this is not 
feasible, the effect of such t,orsion should be considered in design. 

(nz) Deductions must be made for  bolt holes whicli pierce a 
member a t  a critical section. I f  possible, they should be avoided. 
The sticlr especially should be investigated. 

(n.) Where tubes are subjected to both bending and torsion they 
must be investigated for the eflects of t,he stresses clue to the com- 
bined loading. The allon7able shearing stress may be determined 
from Figure-11. 

- 

(0) External bracing of tail surfaces is desirable on all types of 
airnlanes. I f  unbraced surfaces are used, the support from t l ~ e  

A 

fuselage must be especially rigid. 
(p) The attachment of control masts to surfaces should be given 

careful attention. I n  general, a br0n.d bas6 for the mast must be 
provided. The masts and ribs to which they may be attached must 
be placed in line with the respect,ive control cables. As  a rule, hollow 
streamline steel masts have been found to give the best results. 

(g)  I n  FL control system the attachment of levers to tubes is impor- 
tant. The use of a sleeve to reinforce the tube a t  the point of attach- 
ment of the lever is recommended. 

( r )  In control systems welds shall jn no case be employed to carry 
tension without reinforcement from rlvets or bolts. 
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(s) Bushings andpins a t  bearing points should be large enough tl 
prevent distortion and consequent looseness and have a means o- 
lubrication to prevent wear. They should be designed for a maxi- 
mum bearing pressure of 750 pounds per square inch, based on 
design loacls. 

6. Struts and columns.-Long, slender st'ruts shall be designed 
by the Euler formula, 

P / A  = c?r2E/ (L/p)" or P= c+EZ/L2. 
Short struts of spruce or steel shall be designed by the -Johnson 
parabolic formula, 

P/A = f - f'L2/4m2Ep' or P= fA - ( f L A )  ' / 4 c x 2 E l .  
Short struts of duralurnin tubing shall be 'designed by t,he straight 
line formula, 

P/A= f -I j lL/pd~or P= f i l -  KLA/~\/; 
The quant'ity c in the above formulns is the rest'raint coefficient 
mbich is to be taken as 1 for pin-endecl struts a.nd as 4 for truly 
fixed-ended struts. I n  the design of a strut its ralue must. be assumed 
by judgment, but in airplane \~orl i ,  as i t  is very unlikely that a 
degree of restraint greater than that represented by c = 2  can ever 
be counted on, that value is the. rnasi~num vhich will be permitted 
by the clepartment. The quantity Ii in the formula for duralumin, 
an einpirically clerived constant, is eclun.1 to 400; " f "  is the yield- 
point strength of the inaterial except for duralurnin, in which case it : 

is 48,000. E, I ,  L ,  and p have their usual significance. 

PAJXT 4.-PROPERTIES OF MATERIALS 

1. The *materials used in aircraft structures must be of the best. 
Since it is impossible, at  the present time, for the department to draft 
a,complete set of specifications or to inspect and approve all materials, 
t,o be used in aircraft,, it is accepting those that confolm~ to the q~eci -  
fications of the United Stat,es Army or h'avg, the Society of Auto- 
motive Engineers. or other recognized standard. I n  any case the use 
of definite physical propertties for a given material will be assumecl by 
the department as a. guaranty by an aircraft.,n~anufacturer that he 
wi1.l use only materials having those properties. 

The use of materials of inferior quality or of those ~ ~ h i c l ~  experi- 
ence has shown to lack uniformity of quality or strength will be re- 
pardecl as sufficient cause for withholcling approval of a. new design 
L, 

or for canceling approvecl type certificates or licenses already granted. 
2. The following tab~lat~ions of strength properties are, for  the 

most part, baser1 on materials conforming t,o Army-Navy specifica- 
tions, and they are given solely for the information of manufacturers 
as to what can be expected from materials of a qualit'y satisfactory 
for use in aircraft construction. The Department of Commerce does 
not guarantee t,hem nor assume responsibilitjr for the,m in any way 
but offers them ~0le l~7 as cons~stent and reasonable values for mate- 
rials which may be obtained commercialljr under standard specifica- 
tions. Manufact,urers prepared to  gunrantree higher strength of 
properties for their materials may do so by present~ng test clata that 
shall be satisfactory to the Department of Commerce. 
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3. Spruce and ash.- 

Properties for airplane spruce amd. &ash cmfom:ng to Arm1/-Na.2;y specifications 

..................................................... Moisture content p r  cent.- 
Modulus of elasticity .................................. o n  per square inch-. 

.... Allowable tensile stress ................................................... do 

.... ................................ Modulus of rupture (rectangular sections) do 

.... ................................... Ultimate compression, parnllel to grain do 

.... ............................. Ultimate compresion, perpendicular to grain do 

.... Longitudinal shear strength .............................................. do 
.......................................... Average weight per cubic foot poundsSS 

Average specific gravity (based on oven-dry weight and volume) -..--------..-.. 
............................................ Minimum specific gravity permitted 

The strength of two-ply spruce webs on box spars or  compression 
ribs may be determined by the use of the formula in paragraph 
1 (m) of part  3, Section I. 

4. Steel.- 
Allowable stresses in. pounds per square inch 

" Commer- Chrome- ,,, ; ;  .eat-treated alloy steels 

The efficiency of a welded joint in unheat-treated steel should be 
taken as 80 per cent. A welded joint made after steel is heat t<reated 
-educes the strength properties to those for the unheat-treated mate- 
rial. Higher values should not be assumed unless the assembly is 
heat treated after welding. 

Streamline tube formed from flat sheet ancl welded is rated as 
"commercial," ancl its strength properties may be obtained from 
that, column. Drawn seamless streamline tubing may be obtained 
in mild carbon, chrome-inolybclenum, or nickel steel, and the proper- 
ties employed should conform to the type of steel used. 

The properties listed for the hcnt-treated steels will vary somewhat 
for the different steels, but the values listed above may be used as a 
guide. 

5. Aluminum alloy (duralumin).- 
Weight per cubic foot ................................... pounds-- 175 
Ultimate tensile strength ----------------- pouncls per square inch-- 55,000 
Yield p o i n t - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - d o  30,000 
Ultimate shearing strength of rivets ..................... ---do ---- 30,000 
Ultinlnte bearing strength ................................ do - -  75,000 
Modulus of elasticity . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  do - -  10,000,000 

The properties listed above will vary with the different alloys, but 
those given map be used as n guide for the more co~nmonly available 
alloys, such as 17ST, made by the Aluminum Co. of America. 



SECTION 11. AIRPLANE-ENGINE TEST REQUIREMENTS 

1. I n  accordance nrith section 10 of the  Ai r  Co~nnlerce R.equl a t' ions, 
it is necessary tha t  the power plant  and potver-plant inst,allation of 
all  airplanes. t h a t  are to  be eonsider.ec1 as  a i r n ~ r t h y ,  be approved hy 
t h e  U ~ p a r t m e n t  of Comme~.ce. 

Engines  a~liicli have passed the  regu1a.r endurance tests of ihe  
Cnit,ed States ,4181ny ,4ir Corps or  the  United States Navy will be 
approvecl bj7 the  L)epa,rtinent of Comnle~,ce. Other  engines sul-)- 
mitted fo r  : l ] ~ l ~ i ~ o ~ a l  ~v i l l  be tested l q  the Depal-tment of Commcrce n t  
tlie Blireau of St,:~nclalds. An escept,ion to t,his lal;t,er provision mag  
be made in the  case of est.:~l~lislietl aircl-aft enpiile manufacturers 
nlhose ]~l.odl.l('t 113s ])l.e~-ic)llsIy h e l l  nl)])ro~~ecl, arllich \?rill ]>el.mit 
certtiin tests to  IJ(J n ln  by snch m : ~ n u f a c t . ~ ~ r e i ~ s  111.o~~itlctl thei t  t e s t i~ lg  
equil)~ilent a.nd facilities l l n ~ e  I ~ r e n  apl>rovecl by thc depa.l.tnient. I n  
s i~cl i  case, I l o i ~ ~ c ~ r e ~ . ,  t,llc tests will ncul  to  l)c run in the  p1.ese11c.e of :\n 
observer fl.onl the del):u't~ileni. 

2. T e s t  data.--'rlie log sllaIl include thc  follo\\,ing: Piston di.q- 
placement, compression ratio,  type of ignition, carbu~.etor ancl ~ ~ a r l i  
p lugs;  ba~.ometric r e a c l i n ~  ancl coni1)letc list of instruments and appa- 
ra tus  used for  the  k t , .  Tlie length of brake a rm and  gear ra.tio 
if pi 'opdler is gc.:u.cld, sliall also Le given. Tlie test sliall be such :IS 
t o  de~lelop the f o l l o ~ ~ r i i ~ g  da ta :  

( a )  h plot. of the power developed a t  various speeds with the  
t l ~ r o t t l e  wide open. 

( 6 )  L o g  of 50-hour e n d u ~ ~ ~ n c e  test showing readings, a t  approsi -  
mn.te1-y 30-minute intervals, o f :  

I. Revolutions per ~ n i l ~ t ~ t e .  
I1. Brake lot~tl, in l.)o~~i,ds. 

Oil 11ressu1.e : L I I C ~  tt?n~l)e~'att"res. 
Water te~npcraturcis. 

V. A i r  i e m l ~ e ~ . : ~  tu1.e a t  ~7arl)nret~or intake. 
V1. 131n~t vc.Ioeil-p. 
Vu. M:~r;imurn cylinder-liencl 2nd cylinder-13arl.d temperatures. 
V1l'. Mnnil'nltl tlel)ression, in incl~es  of mercury. 
IS- Fiirl  t.i~ne. in sc.c.oncls, for  a t  lenst 5 l>ouncls. 
". Oil, in 1joi113ds. 

Brake Iiol~sc.])o~~.er. 
"'I. Xe~na~. l is ,  including b rea l i ap~s  and replacements. 
(It,eln I\' does not apl)lp to  ail,-c~ooled engines ancl I tems VT and 

Vn :we not applicable t.o \v:i.tc.~.-cooled engincrs.) 
(a) Photograplis sllowing set-up used and any  lmrts wliicI~ failed 

o r  s l lo \~~ed excessive wear. 
( d )  Lists of jnst.1-ulnents and apparatus  used. 
( e )  Repor[. of final tear-down ~nspection. 
3. P r e l i m i n a r y  requirements . -Engines  should be designed so 

that, some typr  of starter can be fitted. 'If a starter is reg~i lnr ly  
supplied with the e n ~ i n e ,  such eclui1)ment either sllall be used fo r  all 
s tar ts  dur ing the  50-liour test o r  sl id1 be tested f o r  reliabilit'y. 

40 



REQUIEEnTEhTTS FOR. APPROVED TI'PE CEnTIFICATES 41 

D17al ignition s~s t ems ,  with at least two spark pluys per cylinder, 
will be required on all engines. 

Before it is t,estecl the enginc shall have heen run by the manufac- 
turer for  a t  least 2.5 h o ~ ~ r s ,  and a. lop of this run shnll be submittecl 
to the Department of Commerce. The  only rcrlilire~nent for tIlis 
preliminary tpst is t,llat tlie horsepo~ver der~elopccl shall not average 
less than one-half rated po~ver. 

The 111a11nfact,urel niay I)cb c:lllci! upon for an esplanat io~l  if his 
engine shows -;:In esccssirc ninnifolcl depression nt 1'1111 tl~rottle.  

4. Block tests.-The 50-l~our rnclurance t,rst shall 1)s rlln in ten 
5-llour periods. D111,ing the first five Ilollrs the enginc s1i:lll be rlln 
w i t l ~  i;he tlirottle \vide open, t l ~ e  speed being at least equal t.o tlie 
rated speed nncl tlie j)or17cr at least 10 per cent in cscess of thc rated 
l~omrer. During the r emn in in~  45 hours the engine shall bc 1 . ~ 1 1  a.t 
a~~prosirnntcly r:~ted sprc~:l, il11~1 the Iiorsepower derelol~ctl shoulil a t  
no time hc less than tlle ri~tecl horsepower. 

Durinp thp test not more tlii~n tt~rctc forcecl stc])s shnll h~ nllo117ed. 
A ~ ~ e n a l t , ~ ~  rlul of trvo hol~rs   rill he :~clclcd to any perioil in \vhich a. 
forccd stop is n~ade .  I f  the spc?ed during :I pl.oj)ellrr-lond 1.1111 drops 
to less tllari 97 11~1. cent of rater1 spec(1 or tlic pon8cr i l l  a clyn:~niometer 
1.1111 d~.ops as 1noc11 as 10 1xr  ccnt, this shall rcql~irc a fot~cecl stop. 
Esccssire watc.~.. fuel, or oil 1eal;s dPvcloping at 1111. cngi~le  shall 
require fol~cecl stops. I n  all c::~scs the 13111-cau of Standa~.tls shall 
be. t,he juclyc as to what constitutes a forced sto],. 

3fiilor l.epnirs ancl rel~lacements may be nl:tclc% bctween test periods 
if suit:able tools and parts are ara,ilable, but tlie test schedule shall 
not be clel:~?~ed on this : ~ c c o ~ ~ n t .  

The failure of a major part of the engine shall termina,te the 
test. 

I f  the cngine is suhmi(,tcd for test ni thont  qualiJicnt.ion ns to Inel, 
any av:~ilable, ,rrasoline meeting tlie Fcclc~ritl specifirat,ion for United 
States niotol. ,g:~r;oline map be 11sec1. I f  the man~~fnc turer  docs not 
consider. tha,t his c?ngine ca.n s:tfely he rml on a11 pradee of motor 
garnoline, tlie engine sllall be tested on the gra.de of fuel which he 
specifies and will be certified only for use on fuels of this grade or  
bet,ter. 

On completion of thr  50-11onr endurance test. the necessary runs 
will be, made to ol~tain a. curve of ltolver az?inst speed by raryinx 
the load with the throttle wide open. r \~endin,~s should be nlacle at; 
sl7eeds ran,zing from 7.5 per c-ent of normal s ~ ) ~ e c l  t.o app~'osimatelg 
110 per ccnt of normul speed. Earl1 speed should. be maintained 
at least for five m i n ~ ~ t e s  hefore :I rending is talren. 

5. Inspection.--After complet,ion of the bloclr t,ests. n complete 
tea,r r1ov.n ancl detailccl inspection of engine parts shall be made, 
l>artic~tlar attention being p:~id to escessi~~c wear or signs of failure. 

6. Optional tests.-(a) 4 tea.r-clo\?~n inspect,ion of tlie engine may 
be made, a.t the option of the department, prior to  the 50-hour en- 
durance t,est. 

( 6 )  After snccessfully passinz the required bloclr test,, a. be,nch 
t,est of the carburetor may be made, a t  the opt,ion of the department, 
to determine. whethrr the carburetor will continue t'o supply a satis- 
factory mixture vhen  i t  is tilted a t  various angles. 



42 AERONAUTICS BRANCH 

7. After successfullj~ passing the required block test, the en gin^ 
shall be installed in an airplane and glrTen an actual service tast 01 
at least 10 hours in the air, mll~ich shall Include a climb a t  full throttle 
to the service ceiling of the airplane. 

8. Engines which pass the requirements of this section to the satis- 
faction of the department will be approved for use in licensed air- 
planes or may be granted an approved type certificate in accordance 
with the provisions of section 11 of the Air Commerce Regulations. 



SECTION 111. AIRPLANE-PROPELLER REQUIREMENTS 

1. All airplanes which are to be licensed by the Department of 
Commerce or to be built under the provisions of an approved type 
certificate shall be equipped with propellers approved for a power 
equal to or  greater than the rated power of the engine on which they 
are to be installed. 

2. The propeller drawings shall be submitted to the Department of 
G n ~ m e r c e  in duplicate, with the data on which the manufacturer 
bases his request for approval, supported by affidavit. I f  the design 
meets the requirements of paragraph G, section 10, of the Air  Com- 
merce Replations, one set of drawings will be returned to  the manu- 
facturer, impressed with the seal of the Department of Commerce, 
with the notation of the maximum power for which the approval is 
valid. Propellers built to conform, within the usual tolerances, to 
these approved drawings will be accepted as airworthy and may, 
upon the manufacturer's making application in accordance with sec- 
tion 11 of the Air Commerce Regulations, be granted an approved 
type certificate. Any deviations must, however, be approved by the 
department before being incorporated in the design. 

3. Propellers which satisfy any of the following requirements will 
be accepted: 

( a )  Designs ffom which 
a 

eller has been flown for 150 hours, 
without failure, on an engine o equal or greater power than that 
for which the approved rating is sought. affidavit, specif$ng 
the number of hours' satisfactory service on a given engine and 
aircraft. the name of the operator, operating firm, and other perti- 
nent data, shall be forwarded to the department with the drawings. 

( 6 )  Designs which embody only minor modifications from pro- 
pellers accepted and used by the United States Army or Navy, the 
contractor to state specifically departure from Government design, 
if any. 

(c) Designs which are approved designs, cut down to smaller 
diameters without reduction of the maximum ordinates, except in the 
immediate neighborhood of the tip. 

( d )  Designs from which a propeller has passed, without failure, 
the following 10-hour overload test, driven by a stationary engine: 

M e t d  propellers. 10 hours, at 100 per cent power overload, if 
tested by electrical apparatus, or 76 per cent power overload, if tested 
by means of an internal-combustion engine. 

7Vooden propellers, 10 hours, a t  50 per cent power overload, if tested 
bp electrical apparatus, or 40 per cent overload, if tested by an 
internal-combustion engine. 

The power overload may be determined according to any sound 
dynomometer theory, or may be based on the assumption that the 
power absorbed is proportional to the cube of the speed. in which 
case the revolutions er minute a t  which the test run is made shall 
be calculated by the I' ollowing formula : 

AT, = 71 + % power overload N 
95477"-2-5 43 
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N ,  is the revolutions per minute at  which the test is to be run, and N 
is the ground revolutions per minute at  which the propeller will 
absorb the rated power. 

A log of the test run and a photograph of the test set-up, pref- 
erably taken after the run, shall be forwarded to the department 
with the drawings. 

I n  running such a test, a breaking point should be provided be- 
tween the propeller and the source of power; otherwise, failure of 
the propeller will destroy the motor or engine. 

Controllable-pitch propellers shall be tested a t  100 per cent power 
overload, on either electrical or internal-combustion apparatus, and 
the operation of the pitch-control mechanism checked over the speed 
range. 

I f  any propellers undergoing one of the above tests develops a 
violent flutter before reaching the overload speed, the propeller 
shall be run at  the fluttering speed for an additional 10 hours. 

4. Failure is defined as actual breakage or cracking of any part of 
the blades, hubs, bolts, lock nuts, keyways, etc., or the pulling of the 
blades out of the hub. I n  the case of metal propellers a permanent 
deformation or the development of any fatigue or hair cracks will 
be considered a failure. I f  there is any doubt about the presence of 
a fatigue failure, the propeller shall be etched in accordance with De- 
partment of Commerce instructions and examined by the department 
inspector. 

Wooden propellers will also be considered to  have failed if the 
tipping pulls or cracks, glue joints open, or if there is any local 
failure or crushing around the hub or bolts. 

Similar consideratibns will apply to propellers of any patented 
composition or variation of the conventional wood or metal con- 
struction. I n  case of doubt of the classification of his design the 
manufacturer shall appl to the department for a ruling. i: 5. No propeller in w ich a n  abrupt change in cross-section area 
occurs will be approved. 

6. I f  more than 5 per cent of the propellers in senrice, made t o  an 
approved design, fail in the air under normal fl ing conditions on i engines within the propeller's power rating, t le Department of 
Commerce may rescind its approval of that design. 

7. The approval of a metal propeller which. has been bent is 
canceled until i t  is straightened and reheat-treated by a competent 
concern. The department should be promptly informed of propeller 
accidents and the kind and extent of repairs. 

8. It is strongly recommended that manufacturers conform, as 
far as practicable, to Army and Navy standards in  hubs, blade 
shanks, etc. The latter is shown in Figure 12. The fillet radii 
indicated should not be decreased in any case. 

A stress analysis should be made for any new propeller which 
appreciably departs from conventional designs. It should include : 

( a )  Curve of intensity of centrifugal force a t  120 per cent nornlal 
revolutions per minute against radius. 

I 6 )  Curve of centrifugal force against radius. 
c )  Curve of fiber stress caused by centrifugal force. 

(Nm--Curve o equals curve 71 divided by cross-sectional area at each sta- 
tion.) 
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( d )  Thrust curve normal flight conditions against radius ; equiva- 
lent to load curve on cantilever beam. 

( e )  Curve d ,  increased by 44 per cent, equals approximate thrust 
during talre-offs or climb. 

( f )  Second integral of curve d equals bending-moment curve 
against radius. 

( 9 )  Fiber stress caused by bending moment (during take-off or 
climb). 

(h)  Combined fiber-stress curve (pounds per square inch) against 
radius. Addition of curve c and curve g. 

For wood: Maximum fiber stress not to exceed 4,000 pounds per 
square inch. For metal: Maximum fiber stress not to exceed 12,000 ' 
pounds per square inch-(25s) aluminum alloy. 

9. Limitations on joints (shear shoulders) between detachable 
blades and hubs. 

Army and Navy standard stub ends of blades are recommended for 
split-hub propellers. The blade elements should be tangent to the 
cylindrical portion of the shanlc under the clamp ring. 

Metal propellers which have engineering data or trade-marks 
stamped upon the working part of the blade will not be approved. 
I t  is recommended that  such information be painted on. 



Par flying? hoats mid nmphihinns of 6.(K)O pounds g r o s  nreieht o r  less, ucle t h r  6.000- 
pound gros% nrci.r1lt. factors. I lo i se ]wwe~  loadii~g shall be I~:~set l  o n  rated l~nz in r  hol-sr- 
power except tbnt for roulti-engined airplanes the  I~ors~pon.e~.  nhnll Ix tnktll  a* t h a t  
nocesmry to rna i~~ t ' t i n  level ilipllt wit11 full load. 

N m . - I t  i s  to be noted tliat tlie load fnctors given i n  this ch,zl-t a r e  not wfficientlf 
I ~ i c h  to conform to th r  interuation,aI rccluirernentq tlrroughout the  entire range of hors9- 
power loadinc. Manufircturers desi-guilig ~ ~ I - ~ ~ R I I P S  for e~p01.t sbould tnlre. into account 
t h ~  load factors  aud clesipn rrquirements of the  couritrg t o  which t h c  airplnne is to be 
exported. 
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