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"C;~l~anC~"_~t fO~" CA~-h " ' . 

",' Thetlnal'sectlon'ot th1a thitd.,lnyolyes the dealgnt' 
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! At the preisenttlmeoalrah'~p.5areexp!rlenclng· i. ,ren~".l 
• • .', ." . , .. • . . '. r"' .'. . .' . . it' 

:or ·pUbl1clntcrre,t •. Teclm1clll andt1nancl.11ntereat h.a ala.o; 
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;bu'lty ~tudlea·~ OO~dOn[,5J i sonate.gaa~[61; How~C.71.11ltlne~(II) •. 

.. ' Stlnt~~( 8J. M~1"a~[lO) .'JUrlCht91 •. ~~·~k~[l~l.-"ow1'O~th(l~ l •. '. . 
· .. . . ". . . ' . • . '. t 

· fty.nl~!Sh[l~?·~,,~a~~h[n?~. ~ S~e..,ann(~]~' o~'szear .Ae_r~apa~~ ..... ,:." 

· (~7:,,·2.2;.30J"haa alaocarrled out varloua'atUdfea.·· . I 

. .'.~ : .. ,-.,: .. ::,' ", ~ ....... , .- ~'. ,"', , .' ,.' ... "~.; -- .,,. ... '.' , . , 

. What 18 reapondb1e" tor the .rev1vedlntereat of en&lneera 
, ' .: ; - . .':. ".:", . . ~ "..... ,', .. " " . : , - ,". ", ~. ~ . 

,and tranap"ortaUonpUinnera, ' The reblrth o~ .the U ... hlp cllf1 b~ . ". . . -.. ' .;. , . ' .. 
attrlbut~d to. the· ·ro.l1owln~ reaaOM:. . ",' , . 
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upontechn~loQ. ····.U ... ot"c~mpu't~r' ~echnologYllllgh~ \ 
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~~~ p~pelled and ateered .bYmeana'~r.~~rl~··Alth~u~t~e 
:.eh'1cl~ wa.c{a~~e.d to ·.be 'su~celar\ai,:turther deV~lo_n~ had,' 
" • L' • .... ..... '. • ",~ ••• , 

:to' .~alt the 'denlo~ment or a aUitable ~()Jieraource.·. Monck·.·. 
,. . r·" .. ,' ,f " .' . ' ~ • 

[~u.o"n. 1n 'lS"3; .troted· .cloekw~J'k dr1V~n.pr~~ehor and" 
~ . 11' • '. .. . • . 

'. 

!Henrl 01trard; ln l852~ uised·a.steam'engineon a hydro(l;en tilled 
.. ~ 0 " .' 

,. . '. '. '. , . .'. ','\. ,",:. . ,." . ' ,', ", " . ~ . , " .. . 
:envdope and. a.t·tall1ed a ap~e.d or six 'iaHea peJ;"'hoW' •. J;t"waa. . '. 
..... . . I'~,,"" " "': '~ .. ' ,.,' '"," •. _' ," .' . .' ' .•. ~', .. -" " 

not until the l890'IS •. w1th the. development or the gasollne-
o • •• . , 

. enilne. that a power ao~rc;e. or ap~er t"O we1ght ratio 'wh1,ch 
::. ", ,~-. 'I~ ~ ..••• , .•.•• ,' • 'too' ~ 'I',,,,,·~. ~' ....... " .:', •. ,' . 

allowed. sustuned t:l~ght. waa av~1~ab'le •. Santba Dumont.' ,1n .' .' 
. .. '.: .... . :~ . . '. ", ~ ~, . .. . ' ", .:-

'!'ranee. and Count ;,onZeppeUn ~ 1n Oermar:'Y' arcun" 1900.bUllt;:. 
\. .'.'. • ;.. • ,.' " ..' . , ~ ,- 'j,.... • , ' ,"'" " .:' ..', -,' • ' 

and- n.'f suceess~la1rah1p •• > The' development· or tM airship 
. .. 

prOgl"esSedra~1dl~ ·In ·t!:,elll-ter.;'al:;~tU the atart,~r World' , 

.War I.<Thelex.te~tor t~e proUua.ean be ~easured by t'heract, \. 
'.', ... ' • " .' ,". r • , ..' • 

that berore the outbreak 'or the .war a sue'cesaful and' aare 
'. . ,'. "", _ . '''\' .' ~..... .' • ,0" ',." , 

c~rc1a~ airahlp opttratiorr waaal~eady "eoll. eatabUshed. '. It. 
• .. • - .' .', .. ~ • ,". q.. .'. : • I '. . .' .' ,.' - .'. ' • 

=:;;;'h:::-;:~~u:::~t::r::s:~ D~oa~~rle~ .three· .• .... 

\ " - . '.- . ' . . ~.:. . " . '.: . 
. '. D1lrlnr: Vorld Var I. the a1rshlp ·unde.rwent~ rapid development. • 

.. , .. .' '. , .,; . . •. . . I . <t • 

Thi. 'deve1opllent' h&.~a. 1t.'l!&1nal_: tJ\,produ'Ctionor.,. .. 
I '. . '. :... .. ... ',," ....... . -.'. .~. ' ..•. . ". '. .(' ',: 

ef'tlctent; "eapon,statim. . How .. ".r .~ this·> developllent. lead to: "the 
:.'. '.:' ::.... " '. ' .,: .:" .;. ' ; ... ,', " .. ',.F ", • ~.. '. ' ',," ". ,., ," ':.: 

. ai,oah1P.b.ec;o.ln.Rthe. f'1i-.at~lon«ran~ alS;: .transport artertpe . 
• I .. ...., ~. ,:' ,. " -: ,_. ' 6:' - " ,'. ',.,....: '. '" 

• 
" '. 

-. 
.. ' 

l' 

" 

.' 

teralnat10n of'ho.tU1t1es·.. 'l'he. tiret tnnsatlantic .. flight waa 
',. " ..... -"',,: ~:: ... ', '" ';', . ~. :"-~"" '" "', .' .. ,." ',' ,~ 

' .. 
.ad. In 1919. and In 1928 tbetaailouaOrat . Zeppe~in started 
',~ ~ ..... : :',' "', :,:;' ". '., '--. ", ,":,' . e,:' '., '-:"; ,.,.' ,~ .. ',"" . 
reltUlU"II .• Ch~uleiSr tr~.tl&nt1¢ .. tll~'s~.·' E.e.n. larger '. 
,- • • " < • ',. ~i ' .. '~'. . ' 

co_ctal' ainh1g11 tollowed lri"the.ror. ·ofi.t"e,8r1tlab R100. 
,.~;, .. " . .., .. ' ..;:, ':. ,:' ...•. ,\.:. '.' ,"' " 

'., . "'., / ,: : " ,: '.~ ,-:, ' ... ------:---..... ' ". :.~" '.." " • I 
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. , \' . _":.' '.. .' "." ':; '.. ".:'.'. '. ", ';",' r ,_'. .",' 
,RIPl •• and the ,~e~n Hlndenburs.Th~potent1al or/ theairahlp. , 

~. 'I. :'. . ~ :. I" . ' . .. '_., ... ' 'I • "', ," ''',', "-, '. .' . " ,", . 

at \ this. atue. or. development ·,C'.n ~e aeenb.y examln1ng the .... ' . 

: C~re~Cl'~l pay~~ad 'or~he'7,060;OOO ,c.u~l~ro~tal,rahiPHi~d~n- " 

.' bt:a~. ~The ~olllllle~cla~~~loadwaa711~.9001ba'.· ov:r tran,';tlaJ\tlc: 
· I.. . ; • .'. ' • " " 

.' ran~B,' ' At. the )~.II11.e, !t~e,DC~~ J:ep~eaented them~at--:, ", .-' 

! .erricient' aircraft ayatem.,However, despite the' prolll1ae 1lho.wn. ' . 
~ , Q; " ,,".' • " • .' • '.':'. • (' ' ..: • • '.' ,. .." ,'" ' • ,.' ... ' • • 

· the' bel< or ~eall! aultable ,illlllter1ala, dealgn, teChn1'QU~S.' '., 

· research and develop1!ientruri4a, and the ·1nternatlonal;pol1t.1ca· 
. t,·.. -: '.' : , " .. ....'... , . . . .... .:. . 

• :,', 4 • ! '. '" ....• : . ~. . '. " . . 

or..the p,re-oW~ld War II .. era eaw thede1"1se of·the,l,arSe. " '.'. 
" . .. ,.' " .' . ", . 

,'", :. .... • . , :, .- '. ,," ,', I " "',': ',' ... ' .; '. _, • . '.. " •. :: I 

colIMrc1al .. rlgtd -,airsh1ps.culminating.!n. a .Ilerteaor: ,"cc1dent'a. '\' 

•• • 

. :., ...., .. .' .. " ", ' . . ': . ..' '. ~ . . ~ ..' " 

Despite thia, the a1rah~p. 1n non-rig1d'rorm, continued to ' 

"~Ye"'1alu";~e '.e~Yiae" 'oDur1~woriiwarII e~hnal~~ co~v~' . 
.. . ,.,' " ".,~ ... :'-,:, ,': , .,1'.",.-" ·~L ,,' ': .... , ;-: .. r' .'''' "',,_: .. " 

'" 'eac()rt work waa done by . airsh.lps •. ,1'0 sh1pl waa loattos.ublllarlnea·.·· 
.. '. '" : ," . .' . "'. ::" ': .. .... . . , .'. 

, , . 

Wh11e,underal~hlp·"coz.t., A~es-.the .. war~'even larger non- ' '.' .. 

. '. s-1/gld ,a1rllhlp.-we~~hse"elopeisb,.the 'U.Si' N-a~to' perrb.;· • 

. . .n~~-sU~~1:ne·.·~""ea?1;'·airb~rae'w~~i"g· dilt les ~. ,'tn\e~~~t" . 
' .. ,.~ ~.""'" "', '.:,., .... :, .\ ._". ",,:" :~, .... .' " '.". -', :",' ,", " . 
w.an~., hC*.e:'.eI',u"a1rahlpa.Caileto.be regarded aarel2,cs:Qt ~,.:, 

. .... 
'" ' .. 

, . 

• .-. - .",. , ,,'''. '.' '. I :", ' ~.; ,: - ... .: - ,; ••••.• '._, - -. ;:. '. '.,' :'" .. ". . . • ' ''.. 

'es-a'paat"1lrid.1n:1962the U.;S;HilVd1sbarided ita a1rshlp ',' .. 
· , - .~ " ',' :.". · .~~c .. ''1?'us:aJ.oa~the.~res~ilt;.1t~t1on' In wh1.chthe only 

- . '.' :' ... - :-. " '.' :. :' .,' ."". '.' ,.' .. ' '. ,.' .: .... ' . .. ' .. 
aii"s-hip •. letttltlng.ln the w01"l.d. arlit thoae. u.ae4 by the Goodyear. 

. ',. "" #.. , ••• .':. . .". . , 

. . , I,: ~ .', :..",'. ,,',. .' '_," ' . " .... '. . , . 

Aero.pace· Corooration' a.; .,-abola 'bf' Its. eerporate·: luge.' " ". ' .. ' ' >" :'; ';' .'-' .' ". -: .... ' ... , ............. :- .... ,'; .. -. ..... ' ,...... , ."~' 
Despl,te the uny, pr'opoaal. .entloned' os-lier" it· has been I. " 

.. ' '. .. . . ~' ~,.:.., . . ... - -.:,. . '. -" \ 
, Ilan.J .,..ai' •• 1nee. aneW afre'hlp, has eiku'ged-holll the, dedsn 
' •. ", '. , .. ," :.'~"."·'···".i,·, :;,'.,." '<,.'. ':'~,", ?' .. " ., ..... , . ~." .. ;' . ~". ':.-:":, 
. -propos.l stas" 'to an actual :plece or haJ'dware. POI' one reason . ' . 

· '," ........ ., , . .' •. " •• ~'.: ": ,'.',' _', ••••• :' " .... '::-: •.•. "'::-' " ~ •• : .• ;" ..... ' ..... , ..•• : ._ ...... ' .f: ,0: ... .. 
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PRELIMIN'ARY' ,DESIOtl.ANALYSIS 
I· ". 

. 1,:--') "~ 
2.1 'Introdu,e.Uon. _. 

• " 

Thtt ,v,ene.ra1 e census. In ·.the. inOdern,dayUterature 

deaUral'! vlth a ~h1pis. la-.that· any new alrilhlpappttarlnJl; 1n 
'" • '.. , • • • , .'. '. I .' • • .SI. '. ':, .. , 

the tUtur~ :vlll b~ or the> pressilre.alrat:Jlp, type. (te. non- . 
". .. . 

!!tId or Sell!l-rlJ,;l.d) •. A pressu~~ alrstiip la' an~l_rshlp. I ... 
.,' • . • • ." ., ';' .' . ,J.. . " " 
~ \ , .' . 
!,whdt,! envelope .. shape and Iftr~n«th _1~, proY;'ded.~Y,a 8l1j11ht. 

.' . -, •• ' • I . ..' .•.• 
tlternal prlssu:re. ~us the preliminary deslm In.r~l'IIIat1on. 

p~~~n _tJis ehaPter.w~i~ apDl., dilr~.ch.,·to) this type. 

ot Il1rshl~. '- s,~"e paJOts .or the Snroi"r.laUbn Iftay '1l1so apply , , 

torl,rld III raMps • '. how eyer • no speclai ditterent'latlon "lil 
• 

. belll&d~ •. • . , 
. ~. . . 

. 'The data presented can be ,8egrel':ated lnt'o tour c!lstlnct 
- " '.','.' _... ', •. I • . ". ~... . 

artaa. . 'I'} ... ~sC!-, are: '. . 
,. '. . , -. ,. , . 

'J 

• 

. selectlon' ot the 1trIV4t lope shaPe. . 

, anaiYs. ~a . o~ var.iou=t. . ar~tera :h~ d~pend~rit' -.... f. 
on the .enyelODe sh ~ . ', .. 

, .. '. ". . . 
atatic: shear r~';'ce b:;ndln«~'r1t ~alYSl~. '. o . . . . . '. 

an a~i'iJ"', o.r the pre~.uredll~rlbutiot Q~ an 
; enveiooestta!)e' at various Speeds and andes or . 

attack. ',,: :...... . ..'. . . :'. ,_., , " , 
" , . ., , . 

-.. Wlth ~he aid or this ~a:t'''~. t~ede~lRit 'ot., the Il1·JO~h.lp 
. . , ;' . ' . -' . .'.' '. . .. 

ahape: c!lftbe _de.tn ·a 'llUch iIoreraUonal·..&nnel' :tl\an has 

.b.eeri ·tltec •• e. preV1ousl:1. 
.", I 

.. . . , . p 
" , ,,' . 7 ",' . .~ 

. '. . . .. 
. . .. 

I .! .' . ". , 

.' 

• 

.', , 
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,2.2, The '£n";elol)e Shape • 

1 
, I 

j" Most alrshlpforma have been trial ,and 
" 

,error method ",reao~t1ns to wl,nd' tunnel teata to obtain, data i, 

upon· which 'to billie a ,decl8'lcin as to .the best tOMII. Strealli-,. 
" 

, , , , 

frc.n the th'eoretlcal"rlow resU'ltlrur, from, arbitrarily aSllumed '. 
. • • . , "f • 

• ,atema-;' or'lIink~- and sotarces. '. Wlocit~nnel tests: have not .' 

,l~dlca~~dan; ,out~ta::tnlf ~lr~ue~: In ro~ d,eve,l<:lped by 
8 

this: method. Shaoes drawn bydeal~ners Nltha natural 
.... :"-.. --" 

ant1tude ror theSft ",attel'a'hR';~ beeri.,~~ccesstul" as anyU)]. ' , 
• • 'f ~ , •• • 

, 
In, ~~l' ,e,"l's sha;uta were otten tOnr,ed "by sll11'Ply cOlllb!n!n.: ' 

'varlous-soUds or-;~ev~lutlon lhto it "slIIOoth"'bodY., Later 
'" , 

, atte,lllPts 'wert! '';',ade' to ~lr1l1varlouscCmdlt1ons vlth the.e 
. .. . .' 

"sol,lds • •• 11:.," achlevln« apRrticular. rate, of' c~llrip:e of cUrVa- ' 

turfL 'l'he ooslt1on has now' be'en attll1ned ",here !!Iathematieai' , . . . . 
eXJ1reUlona. caDable of'generat,lAA various types or bod1es 

or', ~~,lutlon •. are annable. "'l'h~ ~1I1\le' o~ an -;xpreaslo~',' 
. ~' '. .. - . . .'. . 

pt t1tU tne ~. (Jul te a,!"ltl'ent esoeclally.1f the Il:eneratlnll' ',' 

,1'UnC:Uon 18 Intev.rable. 'One sucH IMthematica-l rorm has been .. " '": .' , .' . -. . .' . ~ 

d~~elOJ'e,db~-ae.r'lerlli Milla[ 281. Inthe 'rollbWI'njP. manner: ' 
'"w ., • I 

'A ,..neraUJ!ed ~ha~e ,Re~eratlon eouat1ono~ the 'torlll 
\ .... ,' .. ". ~ ... ,., . 

',.' :~~'Jtl:Jn-':(K2--X)~,' 
~ 

, wh&i:e Jr, .;; the ,co-ordinate ,ionl!: :tlie' centJ'al'~h. and 'I -. I ' 

';th&l'ad!ua'ata .all1. 'l: X,t: w~ obt~1nedf'rOm aco~only . . ., : .. , 
, , 

• 

, 

• 

, . ~'- . 

, 
, 
• 

~2~~) ' __ . ,',a.. 
.' __ I_~ __ ---

'" "',\ " . ' <- •. ' .. ~ , 
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'1'ttc constAnta Kl and KZ or eauation (2.1) were then dete,rmlned 

• 

rroM the tiound~rv condltlonft"o • 0,'12 - 0 ,and y • L/Zr, , !!lax. 
such thllt , 

l. , 
( 

1 ) Cn + 1) xn (n + (L - It ) , 
V • C 2.3) 

2 r nn'Ln r-- '~ 
, . 

where .~ th,. cn-ordln~te ~lonp: th,. eenth1 ,axis, x 
. , .. . 

, ~ the radius or the hodv o~ rev~lutidn.about the 
central axis at e"!,h vlllue or x, ,,' 

L • the, lehvth or ,thebodv, 
, , 

f' ... th". r1nenesft r'atlo ., J.1.2vmax.' 

,,"d ': n,. " dll!!C!r.illonless Dllr"..,etcr ... , 

The endpoint 'cont11t1ona,or the p:encrated shllpe are g.lven by . '.. .... 
~'"., 

.:~ , 

II 0 en c 1 
, d', 
, '" (ax) , 

x-O 
• 

, 
2/r n '. l' , 

" 

0 
, 

1 
, 

n ~ -- • l,(n+ 1) + n 
2 r 'n n 

However, the' v~nf!'r"tlnv. flover or' (2 .'J}' 1s ,11!!!1tf!'d 1n t,hc 
• ,4 

variety or ah"l'Ics thAt'tt is Dosatbl,. to lItener'llte., • 

• 
I!'I, ,into MUIlt10n (2.11,:l"esu1.ts in 4 MOre 

)1'11 

lIteneral expression. 
I ' 

, " 

't, • 

. 
Vhlt:h. ""UI'll1J1"the'''~ol,lndl~ condttlons prev19us1v :~tated, 

~!vu uoon lIohltt" ror ~ and KII • , 

, Cn" Ill) Cn + 'III) ~n(l: .;. ,dll 
':t .• 

'2 r nn rrtntfn + II - 1) 

,'\_ .. , 
, ~, 

" 

'" 

\ 
" 

" 

" 

\ 

',.' 

" 
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" • • .. 
Q /u 10 

. l, 
" 

'11th the boilndllrv condlt!oh,,: 
! 

a 0' c n c 1 , all m 

(M+ 1) (M+i) 
• 

n • 1 , 1111, ',"' • 
rilll 

,:,,"' .' .;> ,. :'. , , 
'0 n > ,1, d'l m 

, 

-a 0 < r.'J c' 1, all n 
o 

-!n+q (n+1) 
. m • 1 , all n 

" , 2 r nn 
" .. : 

, 0 III > 1,. alli " .. , 

Uiuatlon (2'.5) l!"ell"ployed w~t~,rollo"l~Jt condlt!lons 
. '.---- . . :', 

'1111 p:er.~r"te 'In In"lnlte vllrlety or alrst'!:lp hull shanes. , ' 

,0 c ., {"l , 

,0 c m ~;3 

J. 
I , 

,; , 

! .' 

" 

P'1sr:ure 2.1 tfilustrlltell, g: cOlI!oarlson of t'"ulltlon' (2.5) 
,Z 1 . 40 1 ;->0' < 

to the dood"~"r ~ode1XZP']K AIrshIp. 
, '. 1I'1gu!'e 2.2 Illustrates 

• 0 I , 
.Il co~arhon' o!' en'ul'itlon' (2.5) to the cla1l5 "C" airshIp 

.... , "" "¢ ~ 
, ' 

shll~e t!'lat "liS ~uch In, fsvour' durlnr.the. aIrshIp era. T'hese 
'. .' 

cOnflllrillon!l' IncU cat,e 

The t~re~ rarar.ete~a 

the accutl,acy avallable,when usIng (2.~n. 
~. ~ (- . 

whIch directl, afteet the aIrshIp 

share, ',II!, n. ~nd r .,can 'be v~rled,lo aUI~' ,the desIgner • ' , .' 
. . "" '" - :. . 

:, . Thl"adaptlltlon.:o'" (2.') to'the\it1dtlll 'COlIIPtlter and 
. " ',1:. "., 
.' • j 

l!IOt1'"ern eonpu~er plottln,: software pem1 ts. ex~ml",ltlon 'or , , 

• 

. , 
tt, \" 

o· 

~nY' shapes. , ,A 
• ' • ' f 
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1 il Il.,. 1 S(I·.5 53.3 1251 L2 " 6883'''.9 6.5 :137 .2 339.4 127.9 64.2 ' 87.3 
111110.1 5].4 51.1 13328.2 699;>4.8 -6.3 1130.11 -33"_. 1 125.9 63.2 85.6. 

.11122.9 52.11 119·2 14232.3 71081. 6 6.1 1123.11 328.11 123.9 62.2 . 84.3 
1109S.11 51.5 ilL 5 15 •• 8· 722611.1 5.9 1116.~ 323.3 121.8 61.2 83.2 
11l~1.6 57.1 57.1' 129'(;0 '-9 69 11 l8.() 6. II 113).11 336. '1 126.8 ·63.7 91.4 
11147.4 5S.8 SII.7 11576.8, 702118.(. 6.3: 28.4 332.6 125.3 62.9 89. 11 
11132.11 SII-.6 52.6 14301. Ii . '11167.8 6.1: 1122'.9 328.3 123.7 62.1 . 87.8 
11108.1 53.,6 50:8 1510.1.9 721"13. II ·5.9 117'.2 323.8 122 .0 61 ~ 3 86.,5 
1226'6; 8 ('(,.0 611 ~ 5 a'i29.5 83)88.8 10.6. 3(,0.9 280.2 105.6 53.0 105't7: 
12261. 3 (,i'.7 (,1'.9 9082'.1 811'(07.8 10.2 W)'3 275~ 103.9 52.2 103.7 
i(l2112./i 63.5 59.6 9(,98.2 861.09. :>. 9.9 jIl9;'j , 2"11.3 102.2 '51.3 102.1. 
12212.1 C,:L II ''>1 . 6.' 103(,0; ;> 8'/5 '12.5 9.6 !~/l3.8 2J;6.<l 100-.6 50.5, 100.8 ' 
12273.9 (,9. 1 69.1 88]1.8 a"llB .2 

10 .• ' 1"'" 277 .7 1011.7 52.6 110'.7 
12269.3 l. 7 • 5, (.£i • 3 9.:><;1 , ') B<;l~n.-l 10.1 353; . nil :5 103.11 51.9 108·.3 
1<'2'.)2.8 a, . 1 (,3.B 97 '1<;.3 86213.6 ' 9.9 3'19.1 771.0 102.l 51. 3 106,4 
1.2226.0 (,1'.9 ('1,,·-6' lQ?90.,A 87),95. ') 9 '-6 1411. II 26'/ • 3 ~00.7 50.6 104.7 
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VarIous enplrlcal e~uatlon~ have been developed over 

the years. Goodyear(?J)ror ~O~-rigid ~lrshl~s su~i~~ts 

" t·1ilj-'I~" DR_A. (1"" .' ~ " V (C. 289, ); -~,--, 'IJ 2 / 1 

+ 19.7 + 0.0000003 IJ -
c. 

v • velocIty In rt/8ec~ 

II • vo1uI!:e, or the ai.r8hlp~ In tt 1 

"V'. a1rshlpveloc1ty In' K!lOTS' K .. '\ 

,J 
to. OOOU 1 v<), 

" ' 

, , 

y .'kinemRtlc vis~dsltv or air in rt 2 (sec 

Generlll 
[28}' ' 

VilIs thasdevelooed 
" I ",-' 

20.0' 2 13, ' 

( 2 .6 i 

.. ' 

VI'8~ • '617 '. 
----~---~T ~'(1. 6 + 6SLaJ. 
10'(6' )."" 

SL 

6:'L • 

• + .007,5 a V2 

'\ 
unIt '11rt. or ~~ • 

J 

II:OS, at ilea level (~) 
rt\ 

( 

L, • net IIt8~lc 11rt (lbs.) 

(2.7) 

i 

Klelner[~] has develO1led. b8:u~d'on develoo!!!ents by lI~erner(29). 

., ' 
(2~8) 

0_ 07" ;. 

(VLDiy) lIs 
,. 

," , 
" 

, ' 

I 

" 
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A cOl'lpar13on or ,these equat'ens, which ,only predict the 

,drar: C!ue to level rUght. 111 }ShqWr,l 1n ?~gure 2. si. It. can 
J 

be ·:seeR thAt «(1,,8) provides thc r:O!'lt' COMcrvntlve el'lt.1M:lte 
• 

o~ the drn~. tn vIew of th~ fRct thnt ~nnv prevlousalrshlp3 
'\ , 

,~ , 

have heen undcroowe!"ed (? .. 8) ,~ould :seen to, be the pxpresslor. 

to be. ulled, It must also !:le rememh,cred ,ttiaYllP:ht at anv 

anjr.le .. or attack" a1ao produc.es an extra dral':. Th1s necd not 

be or concern at thl,!I stllp'e 0"· th~ dC!lrvn an,l an anprol'lrl;}te 
( , 

exprl"lJs!on will"be develone.d itl C;hatlter 3. -. . . 

2.3,2 

in/!' pr,ov1:l10n 'or a vlIlue fo1' t.h~ !Iurface !!.ren or t"e 

! 2 
~ . U.9). 

: 

The, BrclI ,lUI t'!Vll'n b',(2,9) ill anI', nn 'aPtlroxlr1Sltc VAlue :Ind' 
. 

111 !lu1tnble or.lv' for use over , .. nartlcul'lr ran~e of r 

Ir r • '1 and '( 2.9) 111 used t~' rind t~e Br,ea of a 
, 

!lolle,e.; th" vl\}ue tl'u,£' rell'ults 1', RhclIlt 20S lowf'r than the '. 

l\ctual VR 1 ue', 7h1:s error .i:!ecreascs rnpldb ,as the valu~ 
" . • , 

\ 
, ",3 .. 3 Center or Bou~..,'nc., 

The locilt1on of" the center or\ bouYIlncv 18, or maJ.or .' 

11!1t)ortanee t'o 'tl)e ,airSh,Ip' d~s1p;ner, '.It Is about thIs p",oint 

, .' . , 
' .. , ' 

" ' 
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'! .... ' 
" 

,14 " ,.' .. " '. '. 

. . , .. , .' 

'. ~ '. . . 

ttJe:ait'5hlj, •. An ~xac:t dertnit1onoC' ~i,n POlll:tl.on Is 
'~ .' . ~ .• ' \ .' . '.' " . i ' . . . 

Pt'ell'eritj!d In Ct:t-'lP tcrJ.' . A conve.n l,(mteJtpt'(.s:tl on p:1 ;,e:Jl . ",. , , . .. . 
for ~he' pos1.tlon orthe~enter of fJouvance. CBx ' a~np:' the 

~on~l t~dl ~81 aX1s.b~Gener~r'lH'H~ [.2.13);15,_ 

, . " '. '0 
. ... 

, CB''; ?n + 1',. .: 'L •. 
: I x, . 2n + 2m + '.f!. : ", : . '(2',10) 

." 
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. , ~, 

hav~.beeh t'Oundt9·possesssatlsfactorY . 

In,thtee.ilse th'~' maJor. Cunction ~r' the 
, . ' '. . ' , ' ~ . ' ,,~ 

desi'p;ner 15 to use ,ali ~.~5!!!!>Je_.d.llta: to desip:n s4.rCaces 
. . ", " .. - . , '., 

OC' I'linl"uM ·s,iz.e· itr.d hence' ~l.nll!lum welvht,. ,-S.ev/?rl;ll . 

.' . 

,..., .' • ' ' •• '0 ,- , .. 

. exoress1ons ha';t:: been'Sul:'l':ested ,V.Uhk C33] ~ul-':p:es~s 'tha~ 
: ~' "', .~' " ~, o. '\.. "1; \,." .' 

•;. ,A ·,-the contN>l sur-race area. c.anbe found. from \ 
cs· "',' ".' ,., ~ . 

" " A,' ' .. ·~'(C'lC2C3 S"x"'\, . '.' cs .' rr.a •. 
(2,12 

,/ ' . . ' .... 
13' t~e max1rl1um cross~sect1on.a1 'area oC d~ rr.e~1t,l o!lsand: Sm~x , 

· ' ...... / ",' . 

the airship. 
. .:~, " , " 

'. ·Bur:'e~··s[.nJ. l1;i ves 
. . , 

.~ 

. j.''-: O,13l,l~/l . 
, eft '. ' '. .'! ' 

. and f.ll~kemoret 12]M3 deve.lo·ped nn ~m~ir1~al methodhased '" 
.' .'. '. . I.. . . . . ,. . 

on dlttl\·!'rom prevl,Quslvsat.lsCactor·, .desip'ns·, Pl~res.· 
: . ' , , . .' <, . ",' , • • ,.', ,~' , (]I' ," , \ , • 

.-- . (2~12 

2 .:52, 7, ,·53. and 2 ,Skltreused: todetcrnln'e theeorrp,s.t 

lO~ltt~:on··and51Z~~. ?!vUrcf /521s ·'.~·~lot. Or.~.lAH~ ~nd' 
'. '. .... . ". . . 1 . . 

'~.:ver·~~s~ .,Pt.v~re 2.5j~i~· aplot Of!..JA;.L 

a~d"~ ~er$~.~ . .v ~ '.' p1~~re ?,511 ' 1s. a Pl·~~. of ~ 
• . ver~'fs.~ .. The . racto~~s ~1nvol ved are: '. 

. ' ~ , 

AI! • :r1xl!i1l)or.1z~r.ts:l·suJ.race ,'area 
\..' • '.j. . • 

A . A:v • C1xedirer.t1c~1 surrltce area 
'til'; ~ ~ . 

• AF. • elevator ar:en 
, . 

• / 

'. 

AI{ • ru~der" 8J':~it· '. .. 

\" • tttal 8,~rs~1t) :"'Olu~e . " ... . ..' .0.' 

, '.' 

. , ,. 
" 

.~, .' 

. . 

• 
, \ ,'. 

r..· ..•. llirjb1p.len~th... .' '" .' .. 
, .; ~:'\ :,~.',~"':':':.' , ,.'":'.'~".' . ,<I' ',' ": ,'~'. " ... j' l " ' . 

.. ~ . ".cUIi~lll'\f;Pbetwel."ri. the·center.;~r. bOUVan~y .. an~.·the:\. 
p). ~\'':''-'" ,~;' 

41 ... ::'1\"." :,~' 1::::'···.;::;· .'~,.' 
.:'~ . ,~ . ( '," . 

~~ r·." - 'It,., 

....... ': •. ',' " ''t' 
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.~ , .. ' 

. . 
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" 
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center or ~,rca'or th~' t'otai surfaces" 

and ~ •. total control surrace '/lrea 

'l'he"p;ocedune '1's ;.~s· rol1ow~: . . ,. . . . 

1)' ,~arcuiate Vf' 
.. 

2) '. rrom' the' rigures :detefmlne v.alluia. ror'" 

. VA L 
H • .e 

' .. 

VlivL 
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<VA L 
. . 
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.E. 

.~ .h V~Rlt 
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~. .-.. "~ 
,3 ) then 
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,. 

(2.13)· . 

(2.14) 

(2.15) 

(2.16} , 
(2.17) 

Satis ra~to~Yrf!S~l ts· have'bc~n :achl ~e~'~:, . ~hlS .ruhth"d. 
,,' '.' . ,..' I., ,'. • ".. ".' .' .• '" ,'.' . ~ .... I '. '. ,- ...'. : ~' • . . 

. . . \- , -
..... , . 

, 

. R.uch .th~t the «tat lA. b~n:dInp:" moment h l!)in11:11zed. Ho~tever. 
. '.. . . ". '. .' i' \:. ". ';.' ,.' .. , . '. . 

. the "lrShlr.fJ('i·ll hns "·lIt8t1c,bend1~¢.\moincnt.'Th1S bendInp; 
, • .'. ~, . :' " _:_: .~:_' I • !~ ... :," .. ' • _-"".. " , • • 

lIIoMntb .cAlled, tli~. ;'Ho .. p:lnli~C)l'1ent?: . ~h1s .rnoment III due 
:' ',.;' " - " '/ .~'. ,~. ".' .'.' , .. : .-. .' ~ ", .. :" ... '," \ . 

to· th~ ~8S h,,'ad~. 'lJr .hll1t;e ~I1!1head:!!e-:-~~red upward .~h.e~ 

Ii pr~~buteo' ~ue to )';'1111 head: 111 .n~odu~ed. 'this ts p;1 yen bY .' 
) . • of • '. ••.• Ii' . . 

• , ~ 0 " i - . '. .' . J ':'. '.; • 

. ~ .... ~ 

. ' .:; .. 
l!--~ • 

'. . ,'/, '. 
, .• ' / "1 

. ' .... ..... " 
" 

- ..... . . " '~. '.,." .. .,' ','. . . 

".' 
.' . ... 

,. 

l\ 

/. 

. , 

" . 

1 . 
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" . 

kh where kis th~ uhit i,Ht of theconta1ned ~as. ~h1 s 
. 

I prel5~ure pro~uces a constant ·lol'l~'i tud'lnal., force. . The 
. . . . 

.' 1,' 

I.,' ' 

pr~ss,ure, due ;tc, Jr.a:s . head ;11ncreas'es o~oward the to'. of the . 

a1rshIp' and t-het'efcre the resultll~t of th~ lqnhtu~ai . 

,force acts ah'o",e' ,the I'1rshl0 enveJope neutrll1" axi s. 
" . ,'. '. , I" 

. ConlJeqliently,, II Hop-Ilin,.. bpnd'~n~ moment 115 pr\,duced, ,the: 

max1mumvalu~',0'f','WtI!Ch lS'17,1Ven,'by',Kl1kOfr[2J" for a fully 
. '. '. . • \~:---.. ~ • , , ¥,' , , 

inflated a.1rsh1p as 
, . , 

,. BM
H

• ,k .. r3 hili .. 

where k ,. uf11t'11fi: O'f the conta1ned Fas ... . ' 

" ~ •. __ .,r •. thema.x1mumr'lldlus or die a1 rs~10 

h " .... the head cf' the.
1 
!"a,s 

. ' , ' .. . . 
, ' 

2.].7 ~ Aerodv.nar.1~c Bel1dlnl!'~c~ent 
, , . . .. 

" , 

(2.18) 
. " 

, , 

" Naati2S ] hils d'cvelooec! an, e~plr1cal expre5s1on f'q~ 
·,the maxil'!Ur.J aeroc,!Ynpr:-! cbendlny moment. 

" S',. ' .• '.0' .nl< "Y2 ,:,2 / 3' L ' 
.... ,.; .............. ,0., .' :.' (2.19) 
", . 

~ ~ {'s~' I!nterntA "~refssiJre' " . " ." ... . .. ; ... 
. . 

. ~ ' .. Assuinln~thJ!1t the -hoP:p'1np: rnonentas~1vcn 'by (2.18) resists 

. ': fill. ~t~tlc ·b'.!nr:un~ ~or.tentlJ!,.· the !nterniLpres~ure of the 

" 

, .. ", ~ . 
'.' 

• 
" 

lIitihlp: ,!!ISV :th~n b,e' u:ie.dto re,s"1st tht' aerodynamic bending .. , . -' , 

mo~nt. ,:y.'l1k'crr[ 2J~1,;e8; 
. ,... 

.. ' '., 2 IIz11r. 
P I liT- '·.::,O,!.. 0;,;.;2:-...:.:' o~V:.-...;...,,......:.; 

wrl. ': 
. ". ,. 

'. " \ . 

. . ,.~ .... " 

,.' "",._',' .' ,-. , 
. .' 

.. , 
" . .. " 

, ' 

',. I 

, j 

• , " 
t. " .. 'I . 

(2.20.) . 

: _: 
; -' . 

, 
" , ....... 

. , ,~ . .. 
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where all the parAIIlete~sarea8 prevfousl.y detlneo'. 'The 
• I •. , _"', .". ,'. .' • '. . _ . 

assuIIlot1on' thilt ·the ,hoP:p.:lnll'be·ntl·ln·r-l'lciin~nt· resists··the , .. ", . " ,:. 
• . • II " 

st.atie bencHnr:.. mom~r~~ 1~ reasonnble for .des'.1p:n purnoGes . 

..... KP,~,PI~~. In. ,r,lr,d ·th:· .. ~e.e.d' J; 0 ',~'C'~J ~Ie Il~ ~1'rs~ ~ncen't :r' b r ' 

. P':ravltv·loC'atlon~ 1!l.t;he' st/!t1.c lndit'l,on" dl.rect!y. belpw 

the center' 
)' 

,." 

. . 

" 

to achieve 
• I ,'~ , A Ilrogramrr.e 

'thllt. ·calc;ul.At~s the static loadf'nll:benrllnp: n;om'ent l!i pr,ese'nted 
. ~ . . 

. ' .. 
1·n 8 lAter sect:1o'n of th1,s' cha'p.ter: 

, ',"--- :'.' .. " ;.' ~::.' , .".' " , . 
2.3~9, Pro"a~E!ai1d Re~ult!s,. 

" :r" .• 

~. 

'., 
A pro~T.!ll;"l'le· to! cillcli t'ate :toe: 'rorep.:ol npo ra~t.ors· has' 

. . ~ '. -':. . .' . . . 

, , 
, 

, . 

be'en ·develoned •. ,E1r::ht' shanes' h~ve ~n ernined" for three 
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suJtab1l1ty of the ~hape ~r hull. The inFormation 
" 

.supol1ed by thc~es,sure dlstrI ei'Qn 1s of'th.e subJective 
. . . .• ' , . , 

ty.oe-: ,'It doe~ not Pt~idel anv 

!!ha!"e 0" the pressure distr.lbutldn,; 

" 
~8ta 'beyond,the aQtual 

H(')weve'r, from the 

. , 

. ..... 4 I 

share or t"e dlst;,rlbup,on,~ ~n approx,i'mat.e s,ep.8r:ltlon 'point" , 

may'bedetermined. Thu., the,suitabillty of.any sha!"i 
, . 

may be det~rmlne,~' bv ,tne cOl'1paratlve' dl~tance aft"of'the 

b'ow of the ,senaration .ooint. The further aft the separation 
. . . , 

poInt is , th~ more stable th'e a1'i-shlp Is' likel'! 'to be'. 

T,he pressure dt'strlb~tlon as ~alculated b~arl!lB,n(l] t 

15 used as th~ bas~s 6f a comouter pnop:ramme Wh1~ calcu'Iates' 

" ~he pressure dlst~!~utfon or an~'a1tsh1p hull shaoe at 

• an'l velocity and Ilt .. anp:les o.r, at,tack UO, to ±. 10. Q tier-rees. 
. , 

The,prop-raMl'le 15 l1sted 1n Appendi'x 'c and exar.oplesof the 
""<ll 

'Iresult'~ to 'lie obtained are 11lustra"ted b~l PIp:ure 2.')5 and 

2.4.2 

, . 

I .. -~ 

. Theodor' Von KarMan's Pres!lure D1s'tr1b.ut,lon on 
Hulls " 

Afrshlp 

,/ '. 

J 

In order: t·o 'und'er:stand the workjnp:s of theorograr..me 

df'veloped, a cQlld(lnlled versIon or the theory of Von Kar!:lan 

I will be presented. An" m6dH'lcatlo.n!l made v11lalso be 

shown~ 

The fol lo~1np:' ;lr.m)i,f.lClltloni(were 

2) 
• 

" 

" 
,ali cross":sectl,ons were, rep,r~se.nted b:1 circular 
crpss ';lu!.~H onll' 
'. . .. " ." 

• 
. \ . . 

. I· _ 

, . 

" ' 

" 



, 

.. 

" 

• 
\ .' 

78; , 

, , 
" , 

Two easeli, were calculated: , ' , 

1 ) Now parallel ~o ,the lbnp:,1.tudinal axis 

2) rlow at IIIn anp:le to t·h~ 10np:1 tudinlll, axis 
" -" Calie 12 1'01 lows d!rectly, rrom Case n 

• 

( . . 
The rlow WIHI a,ssurned to be produced 07/' lWperposinp' 

, I 

a t:low ari8il)I!' from a sys tern or l!'ne sources and, sInks, '. , . 
of dHfel"lnp:' P~Oductl ... enE!!ls. !?osl tioned along the 10nP'I- . 

tudinal axis. The rIow over' the front 'part oJ'the hull 
.' 

must be separated rr?mt:hat· ov..er·the rear or the hull." 

Von Ksrrr.uJ'n deve,looed his theory .for airshl~s 'II th lonp: 

con~tant radius center ~'ectfons and used II' c6ristan~ 
distance between ,the sources, or 's1nks, on both the bow 

. o 

lind the stern seetlo~. As modern RllrShll"...s are unnkel~1 
~ {1' •• 

to have th~ forme~ f~ature It l~ n~oes~lIry t~~fvid~ , 

the a1rsh'lp,hull Into bow and ster'n se..c,t;lons,at the point' 

of Maximum dlaMfter and due to tMe'dltrE!'re~ce fn lenF'-th 

b~"tween 'thf' bow, and s t~~n' sect! ons. d! rrerent sepllrat Ion 

values must l.>e u:led in each tlalr • 
. '" Q 

Introducl,np: tnt' cylindrical· co-ordinate system to 

be used: 

x • the 10n~1tud'~nal axis or sYlll!'1etry 
, . 

, , 
l' • thp perpendicular distance from 

, ~ 

• ,·th~ onll'le or orip.ntaJ;ion of the 
as calculn,tedrron the vel-tical 
bo(iy; Orr revolution 

, , 

, , ' 

the x axis 

~eridlan plan~ " 
section or the 

,'~ 

" 

.. ,.. 

\ 

, 
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The veloc1ty components 1n thes, directions are :' 

0, 
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Ux 
, . 

tJ -
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, 
~ •. · -ax· 

u · -~r 
.', 

U • 0 • 

./ 

" 

,. 

where • 15thI.' potential run'ctl on. 

, '.,~Sl~/Ir~:oh/~strea".' :U~~~iOI'!' "'. th,: 

compon~nt,s 'npw r~~ , 0 • ~ • 

. ~. . . . 
II .0 U Ii. -. _ " 

x' r~r"O 
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'- · - 1 l. - ~-r 1 x 
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Replacln~ th~ c,llndrical eo-ord1n~te svste~ b, a spat1al 

polnr co-ordln;.te s'/se';M (1)lvurc. 2:"'7.) whe~e 
, I 

. . .. 
'" • the lpr.yth or the '-''1dlu~ ve~tor 

It • the anr'le between the rad1u!! vector 'In'; the axi:; 
Or s,mrletr', 

o • the poten~!nl function 
, . 

T~~ ve~c~tv co~nonents. 1n th~ d1rection or tr.~ ratllus 
Q \ .. 

vpetor "nd"err~ndlcular ~o it. ~rc 
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3.1 'Intr04u.cUon . 
'. ' '" ,'" . 

,_ '. I .' .' 
. ' 'I: :.~-. ' 

/ .•.. . . 
" (J'.' .... . " 

. . . 
The que.Uori or, bow: an.atr:shlP .!lUI behave ,when reql:l1red· ,,;' 

topert'oMlcertatn '.aneu .. rs has Ii1w~s beenon'e ~r·th.e ''c' 
, ...;' '. .' . ',. ',' : . " '. ". ..... " . ',' ' " : '. .' ',", -" -'''' .. .. 

uncertatnti .•• or: ,elrah.lp ,design. W.lnCStunne-1 exper1l11ents. 

• and '1IOde1 .~~dl.shaV~been 'InconCluslv~~ili; . ~ring' ~'~e 
: ..' , :, - ... , 

period Orq~ant1 tJ . conat1'1,1 cUonor aIrships •. des!;,gners .baaed. 
• '0 ' :. :,' . • .' " '!,' •• .- ,'...' " : '. ~ • .., \.' . 

'-~ 

the1r.dec1atonS upon' e~11'1cal d':t.a thatl1ad beengath~red . 
'.' , ',' ' ..... ,., .. -.-°.-

1 

',~ ~'" -.\._,' •••••• :' ' •• ,' :,.,' , .'. ', •• ' r. ..... . 

tr9llpreyIous . designs .,' '. Howey •. r. l'ecenta1rWorthlnesa:' '.. . 
, . ' , ' ", ',. . I .',' _. . •. '. '. '." -. '" , ... , ,,', r. ~ : ,. • , 

regul.t1onSl'~uir.tbat. the ::rol'~esact1nl$ d~rlng v!U'10ua ; 'J 
.an'u.e~ . be ;~.Ic~l~ted . &nd;'t~en .lnto account '. at th'e ·~tiuctuz'al. . ~. '. 
'" . '.' ,:.,'.., .. : ..... .'.......' .. ' .' '. \ ~. . .... .'. ...,,' 
deall". atqe ~ .' 'I'tu~ . cal,culatlona Involyed 1n . this .taakwould . 
. '~"'" '. ',t: ' ... ': " . .',':. : .... ,',.' .... "" ..... ',: ... '~ ~'.' ,,'" '..' ',', 

' .. b •. yery tedious andtt.e j:onsua1ns 'It done by hand.; the '; ' . 

. ~rob.le.·l·s ·~ract~bIe.h~ey·~p; .. uUrlf: tt,le hlghspeec1 ldlg;tai. 

I ' . 
. : .. ', ' "", '.... . ... 

. !he reqUlr..enta- that' .... t be ".tare gben1n ~he.· '. 
','. .'. ,,'.'. • .' ." ... , ', •• , .- .'. I ':~, , " .'. 

·"ln1atl'j'of:!orana.port,. C1Y11.4.~~aUu~ •• Pr0Y1s10nal Air"';' ',. .. ' 
• " #, , '. ". .,,, , .'. ~ • '" ", '.'. :.',. ',. .,.' • 

worthlne.s •. R-.qUlr..mts .. ·Ai'ahlos·· subpart· .c. ;;tl'Uctur.~~·· .. .. 

. ~e~t10nasC" ,(~.j:.,t~~u~;;SC .. _.ce)(3 1.' .' . . . 
. " '. ' .' , . . , ,-

··".iuwuyei-l!!!Loa&tO~1ti~na>·'1'h. draMp l!tl"Uc~ura "shall be' 
. ,s".. . "'" •.... __ '_,' ,' ... :. '" '-',.' .' '_"""~ .~' ."',' . '" "._., '. _: I, 

.' 

". "oJ' 
" 

, . 

,'~ .. ~ .. : 

, . 

~ •• 1snec1 to 1tdth~t..,ath4til.1t'load. io.sultlngrro. the" .' 

\ rOl~~n~·aaneu~et:~~.·~.o~itl~S \cOIid~~'d. a~ ~p,e~c1 or .' '" ... ,' ....•. 

. \V,O. Cl'ltlOal:.tatl0.llJ,-h.a.r' •• 1~t. 'ana at ti1e c·.ntt'e~r't.:';,;~;i:j;<l; 
. £i.\;'1t'1~~~t:S.~··~~~o~t~ •• ~b·:~Y.~:· ' •. :;..' -"; .. - "'IIi';" 1 " ,,,\, \,,':". ':.:,', .. ,','.< :"<~~' '~/·.' .. ~r·'" , .. "_:·.c.··.:.·:-_,,~,' .. I'~ o ..... ::,.>:~ .. ' .. : .. .'.' .. .:..", .'::' .. :;'/:_ "':",H 

, '-: .'-:. . , . -



. '," . , . 
... 

", .r .' 0 o. 
'. : '; ,: . - . . , o. 

o • 
. r: .' 

. ·1 . . '0 
99 '. o· . 

o· ., , 
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" 1\' , .' ! " ... ' 

.... , ".' .. ' .fa) .. In. le!e~:r.l1ght t appl1 C1at;lonor '1'l:'?~ :rudd~~ .app·11~:d 

· at tll~~~.·~o'!trolrate .t.t~l~·~l.,.untilaheadlng 'or . .0 •• j 

75 de~ •• o~/r the original heading Ie ~ at tdned. '~rolloVed . '.1',. 
,. 

. .'.. ..' , "', :r "" ' ,1:;/'".,': .. ' .:' ',"~ :"" '" "', ; .. ;, ;'. '. " -, .. ,' .,',. 

b1.1 ... dlateaP'pl1c.tl~nortuU~Po.'lI1te 'ruddt":' applied' .';. 
',.' ,:-. '" '. " .. ". "." .. " '~. """, : ..... .' ":". '. ;. ' .. , J' . 

• tt~ ... x~~ control'I'.~j;~.t.ta~~ab.le. t.~. 31S1n81 .h~~dlng. '.1 

· The .• ~~ecta~,r ~yerCo~~"ol Ih~l~ .:be~4k:n into .~cpunt, '; ~ c I. 

· .... (b)· In l •• el tl1Jht. !l&intal n a e~e.d'-llt at.: turn .wl th . 
. ". I:' .." 

rilddertu111den.cted 1n the dlr.ctlon or turn. ° 
" .. :.,., .. ' ••.... '.,. ,' .... ~ ...... : ••..•. , ....... ,: •••. '.'~ •••.. ·I"~.; 

(c) . 'I'h~ un.u ...... otSC~l(.).th"oughSC;l(bO). ·coJllbl~e.d:'· 
• '. '., . • , . J ." , ." 

w1~hnall-;~p e1.y.toJ".apP11ea't~tthel~dllli.all co~irol rate. 

itt,dnable t'anC! altema.Uvel; ~ with. t\ill-down ~le~ator •. 
'. ". 

· ela11arlJappl~,cs.·· . .' ,.' . ~ . 

,.' .': '. '.';. '" .' ..... 'j .... ,:,.. . ... '.". ..' ,,' ~.:'. " . 
(d) .rnl .... lt'ltpt~ applJ·. rull-.down . elevator' at 

, ", . ".' . " . . . , 

. ""d ... o~t~:I. ii.i • • tt.ln~.·l~· ~~in.' the'· .pei:1t~ed . max:.l~ . 
. . ·~.t~otd"oe~t 1,~obtdne~ t~llQi,e:ct 'l~dlat.l.j b1~ tun.;; . 

I . . " \'" . . 
" .... .",,' ..... , "'. " .. '. .' '," .... ; .' ... ' . ". :,' ". .. '. ..1' 

.• up.l ... to~. at.eIM control rate untH rate of 'deseent' 
. ,:',:"'.:'.": -' ..... .".','J.~':' .... '. ' " .• ' .' .... .1;. 

'. eqUla ..ro.''ibe,eYrectl()f'Q·Yercon.t .. ol shaUb •. taken Into 
.~ " 1

0
,., ',<: ,:. ,:~' .. ' .:. " ." .. :I\~' : ....... ,',' .•.. . ..... :.' '", "" ..... '. " "': 

.'Ccount. . '. '. . . .. .. - ·.c· ': ,.. . _. .~,~ . 
• 0 '.' ~', " .:'. '. ,,:'f' ". . ,', '," ',::. ---

'.,,'.(e) The aaneu.er. of' SC;,'(dr collblaed .1t"~lternat'1';e11 . 
• ' ". ,'.' • -' . .:..' 01 ' . ' 

,. 

. 

.' .~.~.and:J"1.&bi"te.d,::st.t.tu",."--
.'.,'- '.~"'~ , " ',' .~ 

' .•• TIl.' theO"nHdecS, ,to .prOY1de· . tbetraJectbr1.,S dlct;ated 
..... ' . ,;..1 ....... :.".: . • .:,: ": ',~:.:' .: '. ' •. ':" . .' " ',' •.... ' '.;" oJ, • 

bJtbe .. _IiaMu • .n·.anCs tbe:resultSns load. will beexaained" .. · 
• ' - t. . ' • . '. ," " • ,..' , 

.' .:azwi ~.~l.ntea·c~t.~'~.~kag. ·.~l~h,h"b.een~eye·l'oped '. 
.,.'. ':' .. , '~" . .:' .. ',':':.": .. ':':'~.~", ... "_'> .. ':, ... "" . . r' ' ~ .' - 'i •. ,';' ,,~: •. 

• 1l~,~. d~sOl"lbH.. . .... :. .' '/ . ~ . 

. .' '~ .. 
. , 

. ' 
.' ..... ' .. , . \ . .' 

•. __ ,0' ',,', . " , 
; ;. ':.' , . ' " 

. . 

.0 
, 
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3. 2':'St"tiC1'OJ~,'apdMo';'nt AnalY~h 
-; , " I.",' :.' . ' '. I I, 

.• ' .... A ,.tat~,:/t~~t! 'a~"I.o":n~ an'l"i.~ 18· perrormed, ,In order 
' .. ' ",, . ", . " . .' ',- "-.. 

to r.neat ,tb~r~z'''~ .. ",:~.lIOIItnt.· ~nyol ~e~ ,,~enanalJ'&~lp~, "~I ' . 
" ' travela at .,~ 'CO~'~aII~ ~.lOC1t' .. ", A, a111P1e,' unreal1at1?e II1t'ua~lj,~ 

; "" .'." .' , ... , " ,If •. , •••• , ,," ._ ...... , ~ : ,":'" .-." ~'" ,,"' ' • 

. • u 1 beanalned ,. rtrat, and then extended to 'the real al tuatlon.· . 
. ,.' ',': ' '. '.' .' 1_, I . '. . 't' • 

, ' 

'.. '-" . . ." ~ . ,~,' 

,",einitial a1tuatlonia u~eaUst1c due to the tact that it 
" ., .,. . ..' , . .... .., I~~ " '. " . 

. , ... UM. an'a1nhlp ln, nelltr.l.bo'41anc" that. Is with thestatle 
. .'.' .~.' ", ... ~. -.' '.' ..... ":",::'. ' .. ', ' .. " :'.':-.,'.,", . .,' . 

11ft toroe enct'l, equal t.o ~he ,weight' ot, ,the-,. .,.tell, 1n le1fel' ,.., 
· """. ,' .•. " ... ,.' .• ' ',', ,",4,'; '.'~ :' :~i,' .~. ": . ,', '.,~. _,..... . 

tulht. 'l'b1" an d"hip cannot,~'''ccolIPl1.h withoilt uSe .ot 
- . - . '. " . " ... ' 

di. contrOl.,ateil~ ",., ;" " ., '..-, ~ 
, . . . . ..'. ., 

.... .. 
,,'rile ,&na1f'S. shoWn'hereWf.).,l late-r be. developed further:, 

. :, . I • "". " ,-;, '" . ' .' . : "'~",;'" t .. ··, ' ,".'.': ... ' ,,:.' 

inord,rto ;In.olud •• o~.~el'at1on'etr~cts .'A. tIIl.l 'I,!nderstandlng 
" .' '. " .... : ' .. ~,. :': . ':' ::.::' . ".,,'" :.".;. '," .. ' '" ,',.",., " " .. " , - ...... " . , '. 

ot th.,.h,tic. a1'tu,ation 1.' nec,.,s&r1 beto". clClal1ng with the " 
. . . ," " , '.... . 

'. 

, .. 
. .. " " '- , :;. ,'- .. ' .. ' 

" 4yllaido .nuatlon'~, (' , ,( 
, . ('i , 

'J ' ' .. 
'. , ' , • io: t ,': •• -: • . ' .' 

~~oriPt~o~,,:ot .. A~rahlp: AX1 •• 
. , I . '!J , .• , •.• , • '. ' 

.,' . ." 

"', 
.. \' I , . . ., 

. Aft,a1"h1pblll11.;a'~l1d" of'··reyolutlon •. I;abelllng',1ta ' 
. " ' .,' '"..... "~'." . .... .. .'..' . '... ., .. 

',' ub,'Qt I'Otn1on' •• tb."· Uls'produces the co-onUnate syste. 
','.' .... ' ',: '> ... ' . '._.'" " ,:'., :'" .,., .. 0 ... ' , .• /'_.,'._. '" • '. • 

,ll1~trat4ld In:~CW'''3.1.· . AI\1,anp1ar"d.vlatibn ot the, ., " 
~' .. -.... ~' ',' .-::,- ..... '- • '. :-,:" . " .. ',: ".,', :;'., I'", " 

· 'i1ra.b1P.w1llbe .1th.~p1ti:h, ""i'OJ- roll, or. , •. collb1nat10n . .. . , .. :_. " . . . ' .' 
.. , ,. r _.' • • • 

ottM'" IIOUo~;, .~'.; " " , 

,·:'ftI ..... n~l.tuioe ·rel.tedto"the'Pr.doual~ deSCribed '" 
'. : ~ '. . . . . .' ': -.. ..:. : ; ",,-: '... . ~. ..' . "',. - . . 

• ul •• ,.t .. "Sa:sbown 'In Table :3'.1. 
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1,.~"'2:ouaait«le., 'In, both <ih~l tch and "a., ~lr~ctlons' 
.... t be ,d~t1ned., Ret.renced, to the, .~ylng ,aus :ot the alrahlp " 

three :F~le ..... ~eou1r.d. ''nI~' -an$~e o't ~t tack In th~' verUcal 

',plane ~w1th~.P.ct tc;the cen.t,if' or bouJa~c:,. 11;' ,and the 

angleot att.ac·k In th~ hoi-~&Ont·al'·plane. once': again' :.wIth', respect 

by y +. ',a'nd ,the total antr1e ot, •• bJ • + I., 
" 

. 
ft, . ',' 

.. :' .., 
].2.1 Center or Bou,anq /' 

, /',,; ,. 
, ' , / 

. 'nIece,nt, .. ot bou,anc10t 'an airshlp'lI8, be ~~t1:ned/'~ 
; , '. " ~ .. " . . . : . .'" . . ' . . ,/,/. 

,th,e ctf~t.r' or, .... ot: tb~t,l~ld'Cf1sPlac:.ed 'bJ ,th •. ex~ef'flal shape 

grtbe enyUope. 'nIla detln1Uon 1111)11,.,s ' ,that the airshlp " 

it. ~e1Uft8 'altitUde and,tb'ct ballonet. arecaaplet.ely 
, ," " ' ,," " ',,' , .. ' , " I , ' , 

Ir:theballem.t •• "inn.ted equallJ .... waing' tore 

• 

. ,. '. 

M,d ,art' ~":L'lC'~t' at. tlien 'prbpe~lJ place.l! lallemeta, produce no, ' 
\' '. J:.. . '.',..' ~ -

center or.... ,.,' it. h~"rt' unequaUy '~nr1_'-d ballonet.: ' 
._. :. " . 'I' . . 

l!'e·u.ed "0 trl.' the 'ai1.II"WI1~P; :ce"tn. ot'.... .hl.ttl.Ul occur. ' 
" . 

. Th~, decr-. or, innAton ' , "n~ etrect on the; Urtclng . .. . ' . . ,- '. - ~ 

r!)1"c.p~uce4" b'.~he en~lo,ect, n.'~rIIII ., 
, . , " 

, .--- -' 

~' 
, .' '. 

• I ;' •. . '.' 

-" 
• 

--

... 

I • 

, j' 



'1,1 ' . 
~''''i " -,' . 

. ;...', ~.' 
" . 

.. , I 
" ' 

- , 

• .. 
, " \ 

(VTOT - VSAL) x ('AIR - 'He) • C . ,-
at, &n,tltltude. The Ct«tgl'ee 'Or Inr1al:1on or, the' ballonets pOIIBlb1e 

, . ... 
, 1. a rrC;t1,~n or ,. ' 

thea1 t1 t,ude. ' 
" 

" 

\ 
.. ' .... 

/ "BAL,· ret!), 

I I" 
.h~'re x la the ... tlo or the denaltJ,',or all' at sea level to the 

dlr'na1t1 or .all' at the re«tida1te 'altitude. 
, I • • , ' 

, . , . 

Por .nalrahip .hlch 18 In atatic 
~ , 

equh'lbr1u. the center 
" 

'or bciuJ8nC1 ahould, be located dlr-ectlJ abdY.e the, c¢rtter or' 
. ~ ". 

uaY1t1 or t1:'ealrahlp an4 on the longltud1nal ads • 

"." 

. / . , 

" . " 
].2.-3 Der1nliiona and AaauIIPt10ns 

, ,~ , f Motl0~.~' 'an~ '.ll!ab-~. 'ri~;t' .-7, a)e derlned il)tel'lU 

~,,;,11, pitch, ~d ,.~allO~:.;;;~~'lcin~ltud1nal' ul8. A~ airs~lp' 
dUrers' trOll an aircrarttn',that- the'three tlpea or 1I0tion are 

0, 

.' ..... , ," . 

'thai -

I ,Ijl, 
, ;' ';); 

, 

"'. 
'The following ,analJsl •• ui ~ .. ¥-ed on the :usulIIPtion 

. , 
~ 

1) th.~tat1,c,l:lttr.ce re .. lna constent', 
, ...... . 

2) thetota1 .elBht r ... 1na constant., 
, ' . 

,]) the,ai,r:sPJ'ed of the, airahlp "e .. lna constant, 
. , 

' .. ) . tile airshfp roi'll Nll81na uncha",ed" \ 

'5-) the' "~ter OriP-awn, and the :center' of bouJan~J, , 
, , 'I'eM1n rued ,wUh riape,c~ to the' airship u.s, 

, . ' . . ',' . . 

" 

, , ' 

. ' 
" 

, 

, ,,~' 
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, I 

~) , the control. re.ain'neutral. 

1) the ai' .... hlp IDovea In an ~deai. InCOlIPresa1ble! • 
t'rlctionl... tll,a14. , , ' 

... -'. ..' " 
3.2.. 'orce. and MoMnta Actin..: on an, Airship 

. , ~ . 
An"llf\reaUatlca1tuatlon w111 be exulned rlrst In' order 

, " 

to estabUah a al.ple 111!8«e ot aOM ot the torces and 1D0d'nh. 

"Suppo'Se 'an airship, 1a tra.ellln~ In neutral bouyancy. at a conatant 

"speed. W.lth the hor1zo~,tal .db, co-~ncldent with the direction ot 

IIOt~~n:'Can~le ot attack~a zero), .. ll).us~,rated by Plgure' 3.2.\ 

The rorces and IIOIMnt. actin« are .. tollows: 

1) Porces.:" 
':", 

·Ca) ,,'Ir: - the torce due 'to' the l1ttlngp:aa acUng through 
tne, center ot bou,anc),. CB. ' 

, .' 
(b) <f Pit ,,. the t,otat· we1~t or the,airahlp acting through 
,,' tne center or ~a.1t)'. CO. ,j , 

. . ' ' .. 

" 

(e) Pd'~-, t~.,drqtorce act).ng on the center or 
pressure. CPo 

"".. ..," 

Cd) Pt- tlte'thr..ust torce or the'en~1nea acting along 
the thrust, Une of the \tngln~a. CT. 

2) JfoMnts abeiut tIM center' ot bou)'anc)': " 

Ca)' ""- ~nt due to tM w81ght, 

- 0 " ' 

(b) " ~ .... tit dUe to the, lltt1nigaa 
" ,I 

, ' 
;. 0" " I, 

, , 

" ' 
, , 

, , 

, 
" , 

, ,(0) "td - lIe.ant, due t9 thj thrust and drag - .. ' 
~,,~(.,.(,/ ' ? 

. " . , , . 
, " . :or' 

, 

• 

• 

. 
, " 
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. , ,,: · Hoiie'l1!I'",tt\~:t~.rUst~draa.o"nt~"td.~ 'la, ~ntialanc~d . and wC!uid 

tend to torce' t~e nos.' or th~. ~lrsh!P' in 'an ~pward dlr~'C't1on:i" . 

-i~i orde~ ~O" ~~"~~.~o;-,~hla·p"ob.le~'~~,J.ah;~IS' ~ trl.Md,'noae. dp ~ '. . 

ulltll _ .~.randl", ~nt 1'~ produc!td· (·e~o) .. The· .rorce ·and. . . 
· .' . . ':"'0' '.'" '" ...... ' .. ' ','.' ........ " .. ~. 

· _to ~liiJ.~ . .1 •. ·tl",.:be·~_.~~hitore·i:oiIPle·:I t,,'anln the';' ). 
.. '. . '. ~ r. " " , . ~ ': '. ' 
.1tQ.tlonJlIat·:de:liCi"lbe~.i., .. : .. . .... ,. '.;" 
'" ;,;:,- ~:'.":,':'" :":', ,:'" ,", • ,',', ,,' ;';' .'.",. 7_':","·,". ~" -', ... "> ' .. :"" "," .:. ',. ' ':,,! , ........ " . 

. : ., . ;.' "Sl •. d1tf'erent: :a1tliatlo.,.:can be Ident1r1,ddepeAdlng , 
I ' .~. ", • ,<>.~_ >-', '_'~,:-.. ,'" ", ,":,-<. ":".,<.:': -.~'::,,';~ , .... ~, :::;.'.~-: .. :.:. ',". " . .;: .~ ... "_"" '~' .. ',::': 

on tbe Itat1c.coridlt1Qn· or .. the.a1rihlp and1t. direction of' . 

inclination .~~~e.iif,lI~tia.atl0~. _ ~.lllulStrat~d·:lriPlgure· 3.3 .. ' ~;i .. " . 
. ", ; .... _ ... '._.".-.' ..... ~ .. ;>;: .. :.:<"\:,',,.,/ .. ,',: .... ::>, .... "J .. -;_:.:.-": - --: ... :-:.;" .. ~' ,.'.,'-.:~' ...... :.... ,':,' 
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nOi~ tr1..d·up~'·~.leot·".~~iul •• ~~ce ••. ()O.ttle:~I"hlP· .' 
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, .1ll.eU~,.~Ulan«li'ot .. {~:.~.; ; ... ~ •.. " ' .. 
·c~""0.2 ~ Th~'.:l~.~t~'.t. :j.it~.u~i.ai: bOU1anOJ ri'lits with the . . 
nos~ tri_~'d~,iIn~l~.~t;~. On~~,qia1n.' '~'oO~a .the 

". -- '. . '. - ,-:. , ",' ~ . .. ", .:. . .' . .'" . . . . 

. a1."~·J)Wtll::,~~~.· at,.ian·..,le:·ot."t: . io,~.-.J " . .. 
· " , " ",-_ .. , .- ".' "", ''"'-,' I .. .' • 
Gal. 110.-':';' .;b.ainhlp·1s ·n.,lq .t.tlcal~J· heau' (the. 1St_tic. 

:·':~f'tl~;~Orc:. l"l~.8::t.w.: the:~~tal·".t~,",lsht t ifltJ\~h':' .. 
',,' . "",';;-. '-.'.,.,.:~ ... -.'_.::-. .:',.:;,:,.-,:' ... ' ........ '~·'-;-·-:·_·i~'.·:'_ .. ;;'·.'·:,,' .~.: .. ":',. ' ',".,',' ',j .... ' ...... ',. 

· ,nol.,t~iIII!Mtd~~p:~.·· ensi.:ofv.~.~¥<t,hea1J'8blP "fU'have ~an. .,<: 
• ,,: .:," ;; • ." '-.1.,' '" :,' :.,- •• - ''','~;'''''''''' -,-.'.;. i,1 ' .. , '-".".' .";." • ,p'.:' ." ... ,,' ::, .. :::':L'_::",. 
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or' t~lti • .u.t:~ ... i .. y,;+.; .. ~::::,~ .. :;l. . " . \. . '.' ·'.····'·:.}j~i 
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Cue: Ho • • ,. ~'!'h. airs hlp h t11lng .• tat1c~llj .h~e.yy, v1th' the' 

noae~ t~ll111ed' down an' arigl.~t .:, H"r~ the' 'airshlp. Yill have . .' .'. "'. . '.. .. . .' .' (' 
~ ~le~{at;~'~Ck ~, '-1 •. ;mel . an,~~l; 01', aotlon 01' .;., / Thlls . 

t,htt~le'ot'trl~ 'ca.jW~l~h.C~b~ de tIned ... the angle between. 
, "," ",",'" .: . " ~ 

" '." ," :,:, '," " " ,', , ... - ",'. - .. ~ , '1 ' 

.'the dr.hlP, lOng1tlldlnalaxla.and' the. fixed. h~rhontal' ads. . 
0" " '. ",.' I, ' ' .... '. "'",: . ': ,,' ,i _\. 'i.- ' '. 1 

-.at ~Ilal'(-~ a.T.~'.'dll.~:tothe hea""neas ~ thtt airship. 
.,: ., I I . . . . ,."'. . . .' '. . . . ". .' 

·C"eNo"·~\,~e 81rahlplat111ng .at.t1call, 11gM. (the ~s·tat1c:. 
. '. '1 ' . . - ". ., , . "'. 

lUtin~ ·tor~~·1a'gr.erthan:the·tot~l aya~ we1ght)~wlththe 
~.1 ' : ... ,.,',.': :' .. ',~ ", '~ .. ,. ' '',' .", .' '~', " ,~'" .:' . '. 

noile . trl~rp~ .. ·.{''il~ .vt : ca •..• '!'hb ~a ... is sl_l ~~ . tocas~( 

Ho •. ~~ . The ; angle or BIOtton 111" :.8ndthe an~le.()t. a~ta'cic 1111'. 
. ...... . .. : .... ...., t<-. 

'" Due to the Ush~neas ot'.thes,aUa.,>it·and.tbe trl. angle a ' .• 
• ' '. '.' :'-. ., ... ,','. ',1 ,., ,~ '. ' , -. 

INS t ~1ia1 .,"'.1 ~ . . -.' ,,";. .. . .\ . 

Cu~ "0. 6 - ThIt>'il1!'ab1p1a hying static.Hi light • with the 
, . ;z '~" •• ' ", " . _ 

nose trl-ed down an8J1«l~ .. orfj~ ·.Th,,:~gle .01' attACk is ,-I 

IIId the: im~l" oriiot1on.b:".,. ·DIl.~O the 11ghtn •• s oJ' th~ 
". '.:' __ '-'-': . __ '.","-":",.',,'::';.,."~,.',, ", :,.-"., ... ':, ... '.... k' ,,"': 

.. 11.te.I~., anel tiMt .tria an«le 0/ ~at. equal ., • t. • 

.... 

... 

, . 

) 

, ~. 

·cueil.n4·2a~./....;~rocclll"anel.~bu. ~nij t:our· act~a·i:' .' .. 

~l.tuat~()f~.~tb~c~t~.I.ted.'.:" '.... . ( .'. 

······Ane~ .. i~~i~n.ot.~o~.t~e.e c .... es 1n,.detaU .~111· reved· .'\'.~. 
thetol'i:e~aI.d..o"l1t., .cit~an'}~rat~Jlgonan alr.hlp~· ,Cue \,.' .', .. ' t 

mlIItie'r:thJ"ee ·lli"hO.rn. ·1"·1'1~r.·3 o"~. : Ret.rIngto th.1S tlp're. ; ". .! 
" , . " . . 

'., ." ',' "- , '," ': .. ' " .: - :' ... ~: . ,- ' " ' . ":, '. ,,~.. " .',,,' 

• ~neJ'~ .• 1tu • .t1on·.can·b.ldenUtled~ . '!'he torcetlahdllOlltlnta, . . .. " 
, . . , . . . .' .' , . - , 
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. (b) . p. • the . total. weight ~r t'he. drshlp acting :~hrOligh' 
. " . • •. I . '. '. ' ' 

.1 " 

... the ce"ter ot gl'ad~" CO'" I'· 
" , ' .," ',":,1' .. ,' .. :. ..-..• .', ",~, ',. .".' ~ 

(0). 'c! .th.dr.~,torc.e·acUng .on the a;1rshlp through 

(d) 't. ,th! thruat 
1 

..... the cent,r ot preaaur. •• · CP~' .. ' 
, '. '. . ..'"..:, ' ." , ,'. : .. ' ;, " 

.. '? ,.' .... ~ 

torceort;he."gl"~.·aehng. along 

, '. " 

, .. ~ , , , 
.... q. :). . 

, 
" . :--, . 

f ~ .. ,' . 

I~'<:i' 
, ' 

~ ,. . \' 

the ,th~at Une, ()tthee~inea 0 .CT, .,.' . 
. I. 

. ..'i' .' .. '. '. '.' .... ,. " 

Ce) . I'L·~h!,din8a1'c 11ft. t~r~e' on· ttiehull.du~ to ~lylrig 
'" . '. . . '. , 0 ., • .." . ': 

·at~..,Ig:l,e otplt.ch or eo aC,t1nstlu'9ugh the center .. 
. . . ~, .' 

·orpreuu~.CP.: ">, " ~ 

.(r)··.: '._ •. ttl.,~1rt~ )rth~~dx~~. ta11'au~taQ~~due;to .' . 
, '_'. .' ,." • 'I 

. ' .. 
t1jing at ,an ... angl!t., ot',pltch e ,', acting: through the " I 

, '. .• , • .I . . '. 
,.' .. " ," "'" '. - I' . 

/ '. ·cent;~ otpreSlluJ"fI or 'theaeaurt'aeea ,..... : . 
• . .,' '. '. I 

. "':-' . .",'~, -,- .. ::"", -," ",.,' ',., '.'-,.-., :., (,).', 1Pa~·· . the':c1r.a,;.ot the tail aur.~a.ce ••. ~ctl~ through 
, .. ' ',' ":. I . • . ': ." . I ' 

. the' cente,. or pre.aure or thea •• urtae... " 
•• _. :: r '. .' I • 

• . ('b) /' e .; t~ ·t~rc.d~~,' t.o .,~epio~n( ott~.~"el~Yators, ,.' 

.' , .. ' "'~, r.0~C~ ,.ct~ ':th~U'~ the c,enter or p.rellllhre ot the,:,' 

. \ ' ··t~ll.· CrT .i,~ " . ,:' '. " ":\., . o. 

.••• : .. \" ",' . " ~. ',,: ',::.-' ~'_: ,; '_ .:', ' ",.' " I ", 

. . 5 .. 111"&1.; Orth.a.t~~.b"Y. been dtttrnedln ·the prev~ous 
. .• . "_'., i ..,'.' a ,- , . '.. . . .' \ . . ' 

chapter. ,"' ••• i.nciude:' . . '.. i 
• . ~" , ' .' .:i, - .' ',..' "'" '~. .-.... i 

·"~-t~l,ltt~ns,'t~~. dU.'t~lthe~ont&1ned~ . 
. . ' , ';-..... , , . " "1 .. 

".,;".t:he' ~ •• weS:&ht ot ·tb~.yste.l' . 
" ...., ..•.. >:,,~~" .' C-l:. i' 

. . '.' P d-,tb.. d~actC)rc~ ~. ,:styen b1.. . '. ; 
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However, the re~lnlng. r'orc.~ 'p,.t-.,., ~'4.' and 'p e illust be· 

der1ned. 
. '. I . _,",:..' ""'.' '. ." 

. : " 
. .. 
' ... 

(a)'. '1'h.~d1~Ul1~,:u~tlrorce:. Pl.' occurs as,,~,resuit or 'th~:' :' 
a,~'trlca~ . .Jrtoll shape 'Or . the ·alr.htp~ hull ~ 'The'eq~atlon . ' .. ~ ", . /. . . . .. ' '.' '. . .' ..... . 27' 

·rOi'. the:. d:,nUl1C' unor.analr!lh.1.plst 3.: 
.' .... , . .- .. lc··.· . v'2~'21 j . . ", . , . ':.' ... ' r.." . L. ,tJ •. ..... .: (3.3) 

.. ~herit ·~~'·1:1tt·~o;r·tlc1e~t ~~ .iut .PP~~x~~ted bl'[28] 
, .. . ". , ~. . . . . 

·Cr. ·1.25y I • ;-... (3. II) 
. " " '. ,_ " ..,"" " '. ...1 .... ,' .' . " " . 

_: ,; and y' Is: th.· arigl~. otpitch 'ot' 'the a1.rsh~pexpresstd In. 
",.... ':." "'", ',_.', \"" . ,'." " ..... '.' ....... ~: ,", -.' - . '..... "., , . .,' 
,'. ,radiana .. Th1s;,&pp,rod1ll&t10J1 holds up to an angle'. or pitch 

. . ,'.' . '.'. ".' • .:.', •. , "' .. :, .'\t,i " ,_ .".' ", '.,' . ' . 

. ' 

or- ·ten d·egree.~·· , '. :. 
..' . t • 

" .. 
, . '. (b) .. ~ •. rC?f.ce .•. ,.~. ;~~ ~h. 'rl1edtUl su~'rac~sllSg1 venbi.'· . 

I, . " '.: .,'" t J •• , " • _ I' • • ..' 

.. ' . .:,~,~:"j ,C.LtJ V2,.)' .' ,~>. '.' '. (3'.·5) 

' .. Th~ litt.co~tnCie~i }.;t~1a·'c •• ~ r!{~ependerit. o~the &ir-
I ,,' -: '.- . I' -"':. ,'.': " ~~ •. '::," .;', ',".-',:.1 ", "',:',-, " .': :,'., ...... , ..... :., ',' 

rou, .~81)e ~oPted tor .thea,_ surraceaaJ1dA .1s the product. 

.of;tbe· ~~'Ch~ .,~-t:~~;~~· span~'" ::. '. ..;; " 
'. (e) .. ' 'niecb.·~ f'orc~ot{tb.··'tllll.~urrace·S1s :deter.1ned rroll / .. ' .. ·..r~.~· i~:·'11~2·~'~::.: ... ' . (;~.6) 

. '-; .... . . .'. :'.~." ''' .. ' 

• . and .. 'CD~~;the4~accoett,lclerit' tor th'f ~hoaena1rroll .• ~pe·1-7. 
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. ~ . . , ., -', ,. . ... . " , . 

. and A 1. tbe:d.rqar ... 01' th4!t'alrrou. ~r 
' .. ,' . 

. ',: ' . 
,- '." . '. ,.' '" ,:. 

(d.1' .'nl.'i·~i·~to~"~rce,JI· .~ionce qaln.depends on,tti~.lr~ .. ' 
... -'," ,,',,: '.:,:- ':.'. -< "!.':.'~ ,,-~"',-,: '.' -;' ......... ~.'. -. •... ' ' . .' to. 

. . roil .1'I~.~:.1a~1Y.n~, .. : ..... ...... ' .. 
../. . ' . - ..... '.' :- ' .. ': . " .. 

.' "'.' 

'.' . 

. : . " . "~; "p. ~ 1 It cL · v.~.: ~ ..... '; ..... 
~ .. 

. \ - "', .. '-'. ,':' ',"'~" :' . -,'- - ; .. : ,'''' ',' " :.,. ' " 

'1ft . tbi~~ .... , Ci."~. ~!,-•. ~itt~~.tt<1Cl~~t ott~e.a1rtOll.as •..... ',' 'f>:.:';; 

,," .'. d.t~n~~tb_,~"~~.::~¥~~( •. ~~· .. Tbe ~~~t~~le~ :,.~,'.~ ,:{d'. ~>' .• 
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V.ar ... ·d.t1n.d In Chapter 2. 

'" .. '. . ... . . 
• 

'2) ···JlllClMni.,about· th.·· c~nt.1" .·otbou;ancY·: 
. " . :. . ',0 :.' ','" ", ,'. '. • . J . 

. 
Ca)· . st.t1c·rl«flttnslllcuient •.. . . . . 

"SR;-Wh.ln'<"!J1):·: .. ': 0.2) , 

.. ' 

,. ~ .. 
, .; . , 

, . . ~ . . " 

'where Va. totalwftlp;ht .·ott,lle e,lr·shIP. '.;. .' 

·.::b· •. th"IY~f'tlc·~i di.t~ai'U:e .'betweel'\·t~~cel'\t~r 
«:i'aYit7and·the c,nt~r'or bo~Yit,ne1·. I 

.' " 

(b) .. Endn. tbMistillo"'nt '. .~:. 

" . ' 

L : .... 

"td- '1'Ca>. '.:' 
, .' ., . 

of. 

, . (c ) Drnaa! c· upse~ tin'; IIOlIIent': '.' '.' . 
-.,," .,,' ... ~' .. '.,'., . ."}, .. ' .......... :.-:.~. '.'- .... ', .... ,:'-...... ,'~ , """.: ," , . " 

", :'. 'ntIs .liIOIIent· "."due ·to :·the pre.sure.dl rreNnee between' 
.'-:':"'.' .<','".:-.:-:"'j:""'~""',\~' .. , .:., ..... :,!.'" ,c:.",".,',' ",., ", :" " 

the- t~o.:slde8or: the hull. It !a'asslsted by reduced' 
. '.' . . ".' -" " ". -, -., .. ' , . 

" '.' : .. -," .' • . '." .,.,: • :.,' , . :' :' I ; , _ .• " • '. . .. 

p~s.~on ; OM ;dd, of' the .taJ'1.· .:the .... r,9rees 8c.tln· 
. -. . ' '. ", ".,:. . 

.' . 
Opposite d.1Nctlbtt •• · but a~:th .. t:orce~ueto the .huUls .. 

~.:.', ",' :." ,:,",.!. : ",: .' ',," ", :"", ,< _ ... "'.,' ,:'t. "'. , .';. . 'f' : '" ", ,", '". , 

«rester,the .1"esu1 tent 1s .. C:&lled 'the djnara1c, 11 rt or the. 
. . , . . .' , . . '. 

hull.. lIo.n.r.:·both'thes~ro;"des ~aulI~rot.tion In the· 

'. 

.' .. -, .::,' \ . .',: ,.".": ". ' .. '.' '; ,~. . ",: . -' ,.'" ,.: '." .:. '" - , •... :" '. -: '. '. . 
.. II!UM: dJ.reCt;1on ,prOduc1'nc tlie qp.l?tUftlt ~lIIent •. The upsetting 

. -," . -. .' - .... ",',.'.. '.' . 
.. . . :' .: .... . . . .... ..... . ..... . .' .' '.' ..' ." " .. 

. IIOMnt. 4"1' . to ,the.eaerod1nudctorc:es1s .0 great. that wben 
, ': . ," ... ,":-", ','. :. - . :'.' ..... . 

( .' ':- ~"'. . ... .' " ",'. ,"' - :'". '. . " . 
'. rlJlnltJ'1th .• p~hl"::pfti:ban«l.lti.· n~ce.sar,'to hold 

" .. ', -, .. :.' _', '<:" :,',' ," .:" ....... ~ .:'" .: ...... :. i·~· . ' ....... '".' 
tll~t d ..... ton: down ·1n&teait· or .up .. as .wovid be .expected. ' The 

, ". '.' , ... ~".. ......... .' .... : .. :> ". : .. ; ..... : .p .':," • ' •• :' •• ': .... 'f " .... :~: 

. .: eO~"1"Se appl1e·. ',whenriylnc. "nha negattv.pi tpban~le.·· ,. 

• .~' .. 

. ' .. 

, . 

, . , 
'. .' .' . .,' .. ~ . '. ,- . .... '. 

~k(13JPJ'~ld •• '· th.~ ·jxpr"~lon '. ..... .~ 0 ,.; ' •• 

, :'.".' '~" ,.' .. '.,: _:. ,-....-, .... ' ,~., .... ': :" .-,': ~~ '.' .;.. ,: ~ .: u' '.: ....... 

'. '. 

. .. '. ""'1. ~V'~/2:Vr·~~.,2. .;.~).~, .121>~· . .. . (~.8)·~i· ... 
. ,'.: ~ t· 

'f· ..' , ~. ::-:.:~ .. ~-~ .. t.~; 
..... 

'. ,,' -: :. :. 

-", 

.... , 
',' .. 

.. 
", " ., ... ,.',. "' ..... . ' .. . .', ~. ' . . .' ' ..... , '~.: 

. ,-'.' ':', '.,.:.. '-. .,.' . " . 
; ,.' . , .' '.' . , 

'\ ; ....... ~, ',' ; ,'.' ',: '.'- .' 

.;\ ...••......•...... "i~'f~ 
., ",'1 •. 

' .. 
. .-, 

," , ~.: '-, r '.' .. " , . 

',' . r .. ,· . '~"". .. 



. ., . .' .' : . 
" " , . , 

'" .. , .. . '. . . 
' . .' '," 

,'. I 

" .' 
..... 

, '. 
. 

!. ·,·f-I f" 
:114 

I . ~ .. . , 
....... , ,\ 

"he.~~!I,. the~ot~lvoiumeo( thea1rahlp 1n rt 3J,: 
'y • tl'ieveloch,or ttleal,rah1pl" re/se'c.i.,· 

o' io the d,nd t,or the 8:h;ln aluga/f't 3 .. 
. " . . , . 

•• the an~le·. ° r. p 1 t:ctJ ".' . I 
I . . . . . ':. . . .... . , . . :. I 

. and(X~-Kl)' ·co.nllt~ntlJ to correct rO.r the ;ract th~t .mf:tsses 

; o'r air arlt C:~bd"10nll:·vi.th~·he hull 1n bot.h lon~ltudln.al-';' 
. "." I . . . '. .' . 

'and, transverse .oUo.n., ,alues. or Xl and K2 can be (ound' In 
J '.' 

'. ; 

Tahle3.2 •. 
• 

'. ~ " . 

· Cd) ". TaU surtaCe lIIOeent' 
I 

.. Thl~.~~~t c>pp~aes .t:hjt d'-na~:c .uS)~~t1ng IIIOmentand 

~sul~lI. trOll.the.t.l1torce ~.n.rated .. bY the 'taU' alrtol"l 
" .: ... i:;.··., " . '~'.'.' /.:._; .'.. '._'. - . 

'. whenrl,Yln,t at' an' ande!)r pitch •. ';1' . 

· "',M·;·~··"i·~ c;~.f"'Cllin(~l 
, . ..: ..•. ~,",Id. ' .... . 
ee) . Dupin! lIOMi'lt ' .. 

, . 
"'"' 

(3.,10) 

'-,'I' . 

-, 

, . ." .• ' • .' , . " " i' . , '.: ". . . '. '.' , • . . i ~ ','.' '. . , .'.', 

'. Anairsh1ptranllln«' along a IIpeciric: path 15 con.sldered 
~.~"-; ··:",··_.:·::·'··4·_··l:·,,·" ... ·':-,.-·;., .. ···~·,,'· .. . :',':, ,,'~',.' .,' ..... ' 
aa W.~nl ~,vo;.·s"per1l1pOlled· lIIOt1ons ; one of translatlo.n all. a . 

.. • _ •• ',:',',.' ":':, ... .1 ~./ ,_,~ ••• ',' •• '._ ••• : ... ','. ..' t" .. " '. •.••• ,,' "". ',. ' • 

. who'le. and. on~ililr ro.taUon about ..... a. pollilt~. !>"rl~ the~otat1on 
, I, • ,l·. . . .. '.. ,,' '. ." ,... ' . " ," . -

" ~bwt~h.p0-1nt:tIOl!Ien.ts are produced.:: Suppcisethe. nOlle Is .. 
. ,l '. ',":_ : , ,J, .,~,' • -,'. "." .. _ ': • _ •• .' • , • • .'" ': '. '. >, ". _ '. : ',,'-· sts~ .. E~4tIi!;p~-.Orth~a1~lpr~~~~tt.~~ ce\~er of . . 

• 

rotation' 1a .~~ "p1f~ .>"hllea.l1 Pu,ta; to the rear or~hat' 
.'. '. ". -, :1","·· ". '.' '. ~ .' .. ' ...... ..' ' .. . 

;. c;.nter IU"ellOytns':dcnmWard. ThUs an ;up"aJ"dpresiulr.e of', the' .. ' . 
: , '.. ,:' . . ... ,', .. ' '-'" ". ' '-" . ... .... . 

..11' .qai~t ·,theretdo,ot'th.a.1rllh1pvUl. beprodifced'~ as ~bl-
.. ' ~ '. ' .. ,:.: ....... ,'_:.::'. ", '~'""'-~' .. .""":"" '.,". ~ .. ':' ... : ... ', . '- .. ' '.' -- .. :' '. ". " '. , 

.. -:a dOV"aj,"dpN".Ur.; o~t"'all'onthe .' forv~part. '. These ", . 

'tq~ci~' -~~C~l~:tar';.;.;. ~~~~it~lna.l~O~10~· 1ac~ncemed •. ' ,. 
',,', '., ' ,-"'-:, .. , ...... .:.:., ,':;,~,:' " ':';.'. -.":', .;:,.-:,:-".,"",""":'.' ....... - ... , " ... . 

. . !?ut.·<act·tosetberto&1ye a:lIO'iIien.t > to~'1.~ the' elC1.Ung .' . 
, , ',', , .... ;_ -', ,,;)'" :, "'." ~'~".' ,,: .. ~ ", .;6 • ":.: .• ' ", " .. ' " 

" _ '. " .:, .. -:~; '.,' .', ". ',;: .. ' ". ",.' ".:;;. 
. . ,' , '. ,,~ .. '; . ;.- ~ ,,-, ".'.. ." 

";'.":'.;:: \ .J_:_.":, / 

.... . .. ' 

• 
· .", -.' 

' ..... 
'. :". 

. , .,: 
. ,,' 

.' ' .. 

.'. ",i .. ',. " 

......... ,,·:.11 
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tl • 

IIOtlon. A,s ~h1a'IIIO .. ent acta only 'to dampoutro~atlonal 
, . 

,.IIIO:aent:i~nce th~, ror~e,1I ,that have . caused ,ttlefle moments hAve 
" 

, bf1~i'llre'i'Ovl!d ,th"',wUl not !,)1ter Into the anaiysis "t:ccl58ary 
. .' ", '.. ,~ - ,,' . 

, to ',perro", ttienumeuyers o,utll'ned' In )'.1. ' .,. .. 

(n ElevatorPorce' I!ol!lent 

Me-, Pe -(C'P'I' ~CB), 
• \; '. ..' 

; I 

. ... . ' 
, ". •... I. • 

(3.11) 

, 'rhe el~yators Ilre no~ ';01"11181 ~1,cona1dered' when' examining 
, . ~, "'. ' , '.,' , ' . ' .1. • ~. . . . 

f· ' , 

the a'tatie' situatio,n" ,Hott.ver "It lsposa1b~e to be f'l11ng~ 
, " . 

at such an aI1~le,or,pltCh,ttuit'thelrelllPloyizient is requlred 
';, . . . ."".' .' . ' ,'.,'. '. .' ~. '. . I. I .. • : • , 

to counterthed,nUlic upsettlnl$'lftOII\ent • 
• • 

, / 

3:2',5: to~lt~dlnal Steady Mot1o~ . 
," '. 

• " 

. r . ¢o , '. .... • 

Pol' pltch/'stability the suill or thl!' r'elltorlnp; moment's . . . ,~ , '. . 

=u.te~ual,th8.un·Qr .ttte. upsetting !ftC_nts. ,Aasum1n;;, 

,nO ~l~vat~~ dePio,~nt(Me., 0) " ' ~' 
" 

" 

" ' 

, , , 

, . 

(3.12) .. 
, , 

, " 

.. '" .. ' ' .. . .. : 
EquaUon " 6'holdS."orilyto:r, t,hecue 111u1Jtratedby, 

/ 

t1""r~ l.-.Re~M"a~Pd ;"er.'i~M' orth1. equation apply' In' 
" , . . ~ , " . . . 

,the other c~,e •• ' ,'.por,~.x~~e •. :d~~l~1I:1l d\Ve.t:he ,1S~atlc ( 

, . -J"lgbtln~' Iimlent,.a1da 'the i:t~n"lcupaettll"g flIaMen~and 'th~ , 
, '.' .' .' , . " 

" , " / 
, - ' 

" , I' 

. / .. .". ~ 
• ',.' • I , , " 

", '. • .1 ..... ' 
l' .: :-,'" ." :, :'.' L.. ,';" 

" , 

.. , ... , 

. .' , ':., . ~. .' . . . ' :' .:. '- ), " 

- . 

.' 

, , 

" 

>, 

, , 

, 

.. ' ~ . 
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" 

.. 

• , 

, . 

, 

, 

'. 

. , 

, 

'. 

" i 

• . ' 
. ~ 
\ I , . . , .. . I. 

~ . I • ~ : . . . I I~ 

, . '. .' ,O\<.,::~ TABLE: 3~ 2 . ,:' , , " . 
. Coerficients or Addi t1'onal' MalIS . . ". - . , . \" 

. of EIUpllo-1ds or' Var1oulI.~Lengthl 
. Diameter l\atlol1 Tn] . , " 

, . ' 
", 

.' 
.' , 

• , · , , . -
Lenl!&th Jet, K2 1(2 - Itl 

DlaMter · .' , . , 
• . ' I' , . ,. 

-, 
1.'0' .500' .' ,.,500 · 

° .. , 
.1;50 .. ~3Q5 •• 621. · .316 , 

- , 
2.00 ·.j09 . /,02 :/193 , 

'. , 

.2.51 '. .• 156' .763 .607 , 
" I . • 

2.99 .. , .,122 . •. 803 .'.-681 . 
." , 

3.99 
. 

.• 860 · . 
.08~ .7,78 , 

'.9.9 . , . .• 059'. I ' .89'5 ;836 
, . . c· .•. 

6.01' - " 
.0115 . . .9'-18 .. .81'3," · ',. • , . ' .. 

• 
.6.97 

.8.0.1 • 

/9'~02 , . .. 
.' 

9·n " 

-. 

.. 

• .. 

, . . 
.- j 

, . ~ . "\' 
" . "':' " 

" 
'.~.-" 't 

" . . . I 
. , . . 

. -' .. 
.' . .,' '. 

.036 

>.029 
. , 

.02. 

. ' .021 

0 
'. 

I 

'.:.:: .... ,." .... 

-

, .' . . ~ 

.... ', ... , 

.9.33 
. 

~. 

.9"5 

.,511 . 

.,960 

'1.000 
> 

• • 
. . . 

.. 
.I 

. 

'f. 

.897 

_.916 
> 

'.-93D-

. ,.939· 

1.000 

.' 

• 

" 

. 
, 

'K' 
,Rotat.ion 

. 

0 . 
.09/1 

'.2/10. 

.367 
. 

• "65 

, .608 • 
, 

.701 
" 

.76/1, 

.805 
, 

.8/10 

.865 

.883 

1.000 

.. 
.,' . 

, 

I 

7 . 

, \ 

.. 

.'. 

", .. 

, 

.' .' 

. ' . 

! .. ','I 

.. 
, 

.'. -

> .1iiJ. 
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3.2.6 Sta'b1Uty.1n Rol,.l. 

• ,I. ~..' .: '.j 

. , 

", Stab:lJlty 1n rol1. wh1ch" 18 .• yery d,irrlCU,lt problelll' 

,lnalrcl'att t 111 not/. a pl'obln In all'ish1plI •. The' atat1c~ . l 

.rlght1~ ..oi..nt'acta aiso>,~.tth r.~~~d to·.~,~li, arid .alnc·c th+C 

\'la !lOdynplcupa.tUI1J.llollent,·rolllng only .occurs due ~o 
I . . " • , 

side ~.t.· qa1ri .. t the' C~I" and .• n.,~ lo~e and due to' 'Ccntri rugal . 
. " 

, , 

rorce when turcnlns. , , '!'be II:IOIII.nts. 0t: 'thelle ror.ce. are 1 I11III cd lat ely. 

oyerco.~ b,th.larg. r.storlng .lIOlIMtn,t du. to the low pOllltlori 
. . . ~ .. " . , 

, .' . 
or t~e cent.1' otgra"l ty; Rolling m.". be .uncolllrortable b~t. 

there ill n."er anjl dang.'" of 1t rea'cMn.,; an. excesslJ1ve valuc. 
• I . . t . " . . ....,.. . 

3~2.7 Stead; ,Mot10n at • P!xed Ya~ Angl,e, 
I • , 

- . 
'!'b. torcfill and ~ ... nts acU'n~ dur1ng steady 1II0tlon,at·. 

" , 
#I •• • • ••• " ;' • 

rixed' yawanp.:le prellent, a 'rathel' more complex' pIC1ure. 
. . I • . 

. . '. . " 

Plpre 3.5 111ullt1oat.II, th~ forc.1I acting ilurlnp: th1s type 

·o~ aoUoo., 'Bu~g.~sC13J~lnj, ,the tol1~lng ex.p~essI0A' derIved 
, , . 

· ,b)' Dr. N. N. 't'U~k t" ~or thetran~ye"~ ~erOdYri8Jll1C: forces 
, .. , . 

· .ct1~· ~n an aJnh1pllOving at 'a f1xed angle ot" yav. 
0_. ' • ".' " • ' '.' . 

. 

," 

;,.. .. ", 

• 
+, k' ·'v.2.tR S coat:+ k' y,2 !IX dS cost ,.' Fdi. 

1-
... I P 

I . 

(3.13) .' " . 
. ,In ..... ~~~"On.·could ~all ~th1a. IIIOtion a steady state turn .. 

. . , .. . ... 
. . 

~',. " . ,~: ". ':,.' '. 
Th.,first t."'.ln' the abo.e. equation repl'*lIentll the force' along, 
,.::, ,}'" ;.... .... ; ....:. -. . ~ 

• ·th. hUlldWt to t~uid. of .,aw ~d 1s~1"ard toward ttle center 
. •.•.• '. I' '. '.' .•.• : '. , • t . . • 

of the ,tu~ On the .for..-bOd,1 and' outwarcf on the aft.r-body. • " 
(I • ~. • , • 

. ' 

• It! produ .. s .-' tU~1ng~ IIOtie~t~~l~c.d ,blan lnwUd !orc-;. ,all8umed .,' 
• "", / ...• ~ 0 • 

· to be 8l)PUed atttie center' or uea of\< the fin... 'rh. tI,cond .' . ..... ..' ,:.' . '.:' ~ .......... :'.,~. _. ....... '. ~". : , . <'.' I .: 

·.~enitf1,v ••. atranSY.rs •. 1'0ree: alliOstequal,'1n agn1tude to the . , " . . '., ". ' . .' -,' .. \ ' 

.' . ,.' , '. . . . \ 

.. 

.-.;:, 
," 
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" , , · .. ·0 . , 
" 

, 
, 

• • '. J ~ 

cllntro1 rusal toroc. or, the 
" • • M , , 

displaced airo and d1.at~lbuted In the 
", 

.aM .annero; 'but' acting i,nwarod lQstead or outval'd. The' 
.,' . 

thtrd' u ... ro~reeerits outward rorces' on the tapered p,orttons 
I '. ", , ' 

or the hu,U, having the a...,'r •• ultant as the rorcea rllpresent,e~ 

by the s'llcond tertii., but or oPposite sign. and act-tng through 

tn. center or bouyaricy. The sum or the second. and third 
, • 0 r 

\, I 

" 
terM «1" •• no reaultant rorc~ or lII01IIent. 

. ':1'. , i .. . .. "-The rorce 'sv on' the tan surraces a,ct.s 1nwardl''1 towal'd . . " ... ... , \ 

the center orthe'turri. ~'slnce' the theoretical'rorces on 
. . ' 

th. bare hu,l1 h,ave. no result-ant' rorce. and only a ruultant 
, , 

'. r·, , 
lIO_nt due to InteR!at~on ,of' the r1!:st tertii or (3.13) ,'SV 

. . 
i. equal In', IiagJ'Iltude to: the 'c~lItrlt'\,\gal' rorce or t;he s"tp . 

• I • • ., 

'nlus' ~he torce. acting Includ~ !, 

(aj 
.. 

The tail .urra~e rorce 
~, 

" 

, , 
'\ 
'! J 

. N' 
• .. ·tlt' VI (~!R)'S :il ,cq ... 

I-I ' d" 

"heNt Jel • co-trte1ent "or addlt10nal .as. due to rotation 

o a1 '-the dlatance alo,nir t~e longitudinal ads' 
, 

S • t~ cro~uj-'aectl~nal area at eaeh value or Xl 

N • ;the .~er of' atattons al!:!ng the X ads 

and R. thel"adlus'or the turning clrcle<~elated to th"" 
angle Or yaw at, the center 'or bouyancy 

.~ , . , .' , . 
, ' 
, . 

. \ 

, , 

, , 

/, 

, . 
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'". j,' 

".' , , 
•• ' • • ~ : : -; I 

, j ,.. • .'. • • - ! • ' . . \ .. '" ,:' . <, .,'~, .::.' . ~, I ~ - 1 "! '" " . 
..... ',., ".'. 

",'," ',' I 
. - . 

. , 

,"s .8 2.; .et ,~. ,I 'II '. ..' (3 ~ 17) 
, '.', ,!./. :;. . . 

'. tft1.~':'r\t~ 'P~UCed:b7the.e.rOl"ces .~ ... : ~ ; 
'/ ':, 

, . 

(i.) .. ·Aerod;n,lJI1c:Mo"'nt'·.' t" . .. i, 
'Thlil·lIj' the~n~';due;t~ :the,~erod1n~c' force,lI. on 

\ '" . \' " , ' . ; 

, ' 
.the···b~' h!-lll,.,:'~:'·.:;·. " '~ :,,' .,,'·,0 

,,' " ",. " . . . 

"., .i . ~, ... ,:'.',;' ":.': ;", ~.' .. I:.:" . ',' -,'. ~ .. 
·...A ~t ;'n(CB-,Xt) ", .. 1-1· .' .... .'. .. . . . r ..' ' 

. cellterot;b~~MC~ ~ • . 
. ", , .... ', '., ......... ', . 

.; "; ".',,' 

.. (bl 
• 

.Ru.dderKo,-nt' . 
"',', '. '. ' '. . ... ~ . 

.'M~nt·~ueto.th~ .appilciatiori or.the rudder. 
. ':., .:.' " -, "" . 

.. 

. . '~. ··;'R<,fPT:; ~~,) . . ,.," • 
,>~ •. .. 

. : 
(e) . ,P1n~~n~\: " , . 

. . '. . ~ " " " . : ' ,:' -. . '. : \ ' ' ;, ... :', ',' ' :,' :,: ... '. . ...... ' ,,' .:. :... '" -. '.' ~ . " 

0.18) 

,."." . 

(3~19)' 
. / 

-The'lIOMn~'.due.to part. or the- taU,surface rorce . 
. . ' " .', "," >""" ... '- -:' "'. :.'.-~.: ,'- .,,',"/:"' ',,- ,~ . .'. ~\. ," . 

. opPOlll"~ tit-· a~naai'ClIO_nt.: ....... , •... ", . " 

. . . ." .' .' :.. '~-: .. ' ',-: '. -' 

.. i-~·7~~A::·;:":» .:, .... , '.' (3.20) 
'. ,. 

(d)· 'aw1nSMo"nt,/' ',' 

.. ' . ··Th.e··ci~1~:~rit~~.·t~ ;th. rea~n1ng.el"odYn~~c·· 
. , . . ' " .. , '. - . "- ,. ,". .' . ."' ..... . .. 

rorce'after .th."I'!~nu1c ~ iDo.-';t· :ba"betln co"'~na&tedr~r.·· . ... . . . . . '" '.".' ...... , .' ',.. " . . . ' ' .. ,. .,' ... 
L':{~;CP) ... , 

.... -:;,·tcPT.-CB).'~ 
'. -, ..... " 

;1, 

.. :' ~'. " ,,~',.' , -,' 
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'ni. ataUc r~~c.' an.l,d.18 riov'c~lII'i.te· •• ·The torces and 
. ~'.' '., '. . ' .. '. . 

.';' 

IIOIMtnt'·de~crSbed.~N'oa11t:or:no.accderat1on. However, the' 
c. .. '.' ........... ,'. .' '.' :', ' .. " ...••..•.. ' ... ' '1' . 

. ~&l1a1.~ •. t,be. extttnded" to. the accelerat.ed or dynamic' . _. . ' . . -, . -. . '. ~. , . 
- "';'" .' '., ., '; 

aituaUon torthla 18 the altuat1on .. lllost co.lllOnlyencountered . o '........... .... ........ ........ .'o ' .. " .' : .. : 'o.' .. ' .' '-
· by the alrahlpa.·ahd 1"equll',f!d. to. fulrUI. the specl'ricat Ions. 

. . ',. '. .. . I' .• 

outU,,,ec11n ).1 •. 
.. .. \.' 

~. 

t. 
'. .,..... .'. . .• ~'Q . 

I . . . .' 
The !l"al1a1s;de"elop~d In ·thepre~loua.aectlCin wHl now . . 

.' be .xtendedtql~c'"u,i1eaccelerati~~'ertect; •• · ~e .te~· 
. :' • _'.", .'. I ". . ,-
· -acceleration 'ettects- Includu bo.th t.randatlonal and 

. . " " 
.: ....... ' ... ," ,'" ........ '.' ' .. ' , .... '. '.'" .' 

· rot .. tlon~.IIO~~on~:,'o Ro~a.t1Onal a~celel'at1onor ~lrishlps: 111 
'" :.:' '.' I •••. :' '."'.'1." "." .' '.... .,.:" , ' .. :', ". .' " •• ". .'. : : :., .". .' '. ," .• ' . , .........' 

nOMlally deriYec1. rro.· contrale-rrecta.· . Control or airshlpa. . .: . "'. " .,..... . .-. ;"., 
, .. . - ...... .. - • ,,"': .. " .... ' .. . . ..' . . ., • .'. I 

· ' . ..,. b~ 'subc11yidecS iritotwo cl""a&a .dl~ci1onal·and, altitude e' 
. .t> " : \ • . ..• .. , • .",..," .• ' • ': .'~' .. .' :.' • . • ;. ., • . • . . ' " 

.:l ...... ."',' '.' ',' " .' " ," I.. ,,'. :". 
·Betorede"el.op.ln~the. equa~Son., ror t~se control· claaaes, .-: .. 

. ' , . . .; " '. " . .'. ' .... ". "I" ". .... •.. '. ..' .. ' 

a·b~ler· d ... cription .. o·".eachwlUbe '~lYen. so that . tti,r~,der 

.nlb. r~l.l~'·Wlt~t~ ~O~~Z.~l ·~~rect.:. ~ .. ,. 
" "'.: .. , .... ,. ::. . . , 

• ' •. ';'., ,'I " . \ 

3.].1.A1t1tude:Control··· . 
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. . ~ 

. ," .. ,A~t·it~de·:~oll~~ll~,~ed .. t:.~·~~c~~ilisH~. ~hange In. 

. a~~ltaI4 •• ·~lt~;;,,~.J1d1~I.o.~,,~·sce~~~·e.· AtI~~that·the .;:. :: . 
. '." " " .," ", :, .• :. :.,.' :.: '. " "'r' ','." " '''..... ,.", .' ," , " ., .• ' . :: .•• ' .:. 

a1r.:ah1p'la.t.171'" t,n· ... n.utral;'t ... l. and ,1natatlcequll1brlulII. . .' , 

. 'It:''l.d •• S.~:;t~ ··~il~'~·: Th.el.Y~t~" i~·r&1.ed.Thfs 
• '," " ': ,..' ,' ... , ..... "1."., . .',, ':'. . ':'''''' ....... ,: .. ,' ,.' ..... :' ~.':, ',:',. . : ,'" " ':.', '" .... " ,,' .'.. . . 

. . ' . action.cu •••. , a rotation 'to O<:CUJ.·.nd the.a1.r.hlp 'oacctulrea 
· ,",' ':.:- .'~ '.:,' ... , ........ :;. ': ;,:~,>,::>~,,:, .. ::"'.' ~'i"· '-~:.' > .... ;' .. '".: "",':,':'.': .. ' ""j •• ', •• ,"," ,: '." .. ,'- , 

an~S1.,oi'.Pl~C~'::)'ftMt, ~n.'~p~fmbY.,(J.6-r act.~lo~ .. :·' ' .. :/ 

. w1t~ ~'IIO_nt.:dU •.. :to:;tb~e~l ,.den,ectlpn .ot .. ;he . ':,' ':";; 

. ". "!.'., ,:,.\' .. ,.:.:.:,. '. . .' ",'" ...•. ~.' •. ... ," ... ~ . ~.' I .. ~ 
,;.': >.':':~f::··' .. ;;,.... ~.,.~ . .'.~: .,,', . '. ' .... :,': .... ; .. ' .. ~. '" ,",; '.:', ":, ~:'._ 
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'; ;., "', .'"', ", " ,:., . ",' 'f- '" , •. '.: ....... .', ..• " ' ,_"'" ,'. '," 

denton, .;TtI.appl,lcat1orL otup •. l •• ators.·causes a down-
. '"",' .' '-, . -':' " ,'_' " , '. : .. " i , ,,',":'.: ",- . ,":: '. : '. . .- ;, " ~ ::'.. ' .. ,' '.'" ,,' ~_ .' . ; '0 ."" 

wardtorce .·on. the' taU.' • ""taCes, .Eventually· therorcea . due' . .: .. ',.' ,.' " . . . '.' '. . " , . 
'. '.' , , ....... : i . . . ..:.. . '. .' . '. . • I to. thruilt>actin«, at,an~'l. ·or:,(y.+.,), d." •. to .thedynallllc 

, . - .,', -. ' . ", , ",.., 

': •• •• , , '. .',' ' ... '.'.' .... 4iII , .. _ ..:. ,',' 

11rt ~ .. and .. du.,~o ·t.,. r.lx4t!2 h01"I,ontal .• u~racea wUlovereoDie 
" ...... : . .' "l' <' ;,' ',-,;." >.:, ',,\ ':.', .. ": ~- .. '_' . '~,:' .'.-",' .' , ' . 

. ~hl.· toree, .. ·.··KOtfe .. el":,lts~ouldb~.;nl)ted ,tha.~,th,~, 'a1~ahlp 
. '.f'··· .' i " " .'" "... . - ; " " . 

· .actu·alIygeaCenda .. f'thol"tdiatance, be1'ore c.ill11b~ng due. "to 
.... ,' ". ... ,.' .. . . . .; '1; '. '".. ',. ~.'. '. , " '. J." ,.", ,.', • r' : '. . 

· the r.acUontoth .... lnitial.eI.evator.· rorj:e,' "POI" ·thls· renon 
, . . . 

: ,- '. . .' .. "," . ..'.. ,.' ..... ,. ,': ' ." ., .' -~: 
'ext 1',. caution ,ilh'aulctb. :es.l"c1aed .1n theuS,e of elevators 

" " ";, '. .'. ',"... '..' :.,.',' 

ne~ th": Sround ,. It ·l.t··li. d.a1"dt~, 'descend t~.e eIevat.ors"' 

arelc:it.~~ed~' . 'l'hia ic~.e •. ~ ·lipwU'd. force' 60 the' tan'· surfaces 

. ,~nd~ce~';n't:h; i.ltua.ti~,.:p~.~~1A~11'.:d.~a~~~tiedo~~rs, . 
•. "'" ",' ., ," I,' " ',' . '. • 

.... ~/ttmfeve~~lt~" .. ~~~.~\7e11.onor,~h~rr,ces • and ••. 1n1 tlallaot1o~ 
1'e'J.erse(j.· It. shou\d' ~e :.not.d, how,-.. r.as .nt.lorie4 wh.en . 

'. .. .' ••.•• . i ." " .~. ", .. ' . ..... .'.:, ...• ',' ..... 

dlac~aln8the. uP.e:tUnt IIOJIent.:th~t' thiS ~iIent becoaeis '.'>,. 

' ... <-' ",' _:.','.:, ....... ' .:. ,.'.'.:::',::'" .,:,· .. ::: . .'<:I:~".,": .. '_ ......... ,.>.,:' " '. ,.,' , , " ',.,' 

. Ye~ l~,~}~~h~.,~~~. t~.! des~~(j·Il!dt;U4e.haabeen -atta1ne~, ", 

· .tt1ilnece.sarl· to. icll1l.t"wltb·:elevatOra down and to descend. ". 
, ' .... '. - . I' • . . 

with .t~ .i"ai~~.,·;~~ :' ..... "1.' " ...... .;:' '. 
· 3~1~2 D1"~tl~~'; ~~nt'~i 'J -. 
. . ( , !. ., '-.' .. '., . :.,.' " - ' , " ." 

'. • '~', .:, I 

. . . . .,,". '.... . ' ..'; .. ' .. ' . . . . ..' .' . 
·1)l~oUonal'controll •• tta1ned b1U •• ottine' a!ld .rudders~ 
.' k··· .... ..- ..•.. :.:-.. :.< ,.~ .. :' .. :::' ... '.',::,'''.'-.. _,:- :~" ~'.': .. ' .... :_ ....... : __ .: .... :': ;,",-".:. """ .. '.,.' 

· It .1.· .... ntl.1;-to.:·ha ••• :cl.ar con¢erit. or thel"eactlon.ot· . 

. '. tlMt.1i.~lP~t~.~~~I";CO~~I'cJ..>iP1~~:3.1.nl~~trat'e~' the.' ." 
, ... " ... ~, " ' . ,;"/" .:.!:.7:-.. -::'. ; "!':. ,~: ,,' .,,,:', .tl
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I -

, .'," 

' . 

acUofti~t:aI'l~"h1p'dur'1it«·c.:.t"m'8ndPiguJ'4t·· 3.Jsh!»fa,the,.~ .' 

•• ~u.on~ot~.:~~.hl~:~g~l~,~.ta~l/~~d.ldance'" .' ' .. / 
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. . lIt!en it .·lade'·lre4;.'to . turn ,to . thel'l~ht. th~ l'udd~1' 1s 
, , .. r-;" /' .'" ..... : .... '. '. ",. "_.".,, ,; " ......,. . _.' . . . 

. d~tlect'ed to ttu~ r1pt~. Tb1a'prQduc,.~ two efrectsl. Pil'st : 
. ' . -' . .-" -, ,.,:' '.-.', ':,':;' : ........ " . ':: . ,', \ \ ',' ,'" 

: ari1nst.nta.)eo~stol'!:~ to ·thelett actlng<on' therlght·· sld~ 
,.,: '. . ~ . . ~ . -. .' " '" ' , .. ' ,.' .' '," , '. " . . . 

or the' ~ctdel' .. "SecO~d •. th~.li-shlp·rotate~·ab~~t its ce~ter, 
• " . ',' '.' • ' : ',' "'j' • . 

'. , 
.. otboUYanc1 a~ch that .. theriose awlngs .'to the,~1ght •. Thus' . .,.'.., .' '. .' , '. . ' .. 

, ' . ' ... 'I.; '", .: '. . . l-

i' ; ~n1t1Jlll the ,alrs,bip lIovea. to the: lert and, rotate's to the 

rlgh.t.·.·-n\e . ~~~.·~r.~he.. nose to ~h~ d~ht sets up a 
", . ", 'I " ,.-': •. . ,' .. 

ce~trlt\is.~· rorce·.~~ to·the ~1ght .• ·:AS th~,angle or' yaw 
" . . '. ' .. _:," ','" :, :. '.,' . . . :' " ,I, :;,'. ' , ; ,", '" , " : .•.• ' ': .. 

'Increues ~tb.1a .~.ntl'ltuga:LtOl'~e .1l';lcl'easea until!t 1s 
, " . . . '. . . 

. . . lar«e:r·t~thel'U~~~r·:.iorc •. ';'d't~';~1l'tict10nor li1teral 
.," .' . • 0',' :' ." '.'. : '.. :. ::.' :. ,'_ " '. .' '. " '.' . . .' 

~ ~t:.~on 1.tothe~z.lfth~'., HOwey.r. the 78,! 'IIOIMnt lit also 
". ,.' ".,'-:',_:',.,: -;' .. , .... , .. ',' '. , .. ' 

· increadng .andth~.,tbe >anpl.~··Yttloi:d.t1otthea.i'rilh'1~ i Wi 11 '. ., ". , ......... <: : '..':-~" "'."~'.: ~,,:" '. ." -':'.":'~' ' .. \' .' '. , " '" _':, , ',' :. '. " ... ',- f ' 

.Yentual1,· d.cre~ae'. unUl t'he. -e1n111W11 . turnIng r&d! us '1" ' .. 
",,'" , • ',',' ..... ::.''-:' .. : . ,'; .. : ..... ::,: .••.•. :. _ ":,,., .:_-~::.:.\. "-'" <.' ','" " .• ,' .. i ..: 
'·,.chleyed.· ~rtbe: Madder l:a.lialntained1n.th4f ha~ rIght 

.' . )odt.l.on, : .. ol',:~~~~:,~t;~Vd·toihe ~e~~~~i :poa~tion'th~ t~rnl~~ 
'.' . . .•.. . " _'," I •. - • {/ ., ... ~ ' •. 

. ,lilllcc:mUnue and·'ln:'ol'der,.to ebe.ck this. tum it 111 necessarY 

,to..is~e'tbe'~dd.1' to.~~ ,h~·iet~ P~lI'iUOD:' "The • t~i.nln~ 
. .:. . . . : .' . . .. ' '. ':" ,: .' .' .~.. . ' . . 

· radlua 'la«oy,~ct by. the. Ja. ·Iio.ent.~f is jp"eater' (or an , 

. . '~rihlP 'otl~rln.~e.s· r~l'~'~han; tor one "hereth1s ratio" 
. . . . . .... . . " . II' 
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,WMJ:e Ix' If' :an,d' Iz.ari the' au .. or th~, .. as IIOlilen.ts or, 
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In~1"~l& or the .. rl~"cOlilPonenta.or the bodyreterence 
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: .. ,. , .. ', ,."'>. '. ',' ,:'. ,,' . ",:' ":' .. ', ;', .. , : .. ',' ... ,; ..... ;,".: .... :: . , .. , .. 1 .. .. " 
to II .setot." •• vUh.thelror.1g1n at the cente·r·ot· rotatiDn 

I ...... '", ",.': "" :'~"':".":":"'~::"":"_'-."~:':'-. ': '1 ,.': .. :."'.,, .. -..:: ' ..... 

·by UU,ot the parallel' ula tranat.ortiilt1on~." 
"',,"1 1.1 :.'_(, '~r+~ ,)' . , 

'. . x· :, II( " c' . . c • 
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",I., I'liI '.; .~. _ .-(. ".~ +' Z ~2) . 
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>-1: I,.;;i +.(~' 2'~'J 2,- ..... . 
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.. 
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2) the, 
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and 1j)/th. 
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. ' • r ' 
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I .:0 , 'T' I 
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". .",' . I:t, 0' " 
t~e ,~~.~~p"tre:tl~~ ~n' ~b~~ 'asanner 
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"., 

cablil. 
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en(tlnea. - , 
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Include: 
, , 

~ 

_ " -. '. .' ',;,' • f " ..., ." 

t,llese cOllPonenta' ,,11 1 only ,tend 't!llll&ke :the alrsh,lp 1II0re , ' 
:. ~ :. -,'. • -' ',. ' • - ' .', I .,: ' " ,", , 

• 

.' " 

stable, ,than ',tbeilOdelwouldindleate., . , , ' 
, '" ..' .. :; :. , .' ': :,: I',:' ~.'. ,','. '. ,. " ,.". - • .' I 

. , 'l'Ke,reaai.nlng '~ht. or InerUa. thOse related' to the 
. ' ,,'" ., . , 

't .' • .' .'. . ' " • "" ~'. '. • • .' 

, ennlopeand~he,'enclosed«a •• Will be analysed atJout., a set, 
, '. • ... ': • ,," ", -': . , .:" . .' ," . ':', ~.' .': •. :. " ......" , ',".' . I . . , 

, or axea peiyendIcu.lar t,othe' ce,ntra1' ax.s and, located at 

.' "x oiO. lJe~,rallUl~.{2~lde~el~peda set ore~ua~loris .to 
• . J' -." '..'. . . ';' .~. '.: '~ " . " • 

de~enl1ne' tiie.e _O!IIIItnta 'or 'lh~rtla. which are. q,u'l te eon'venlent" 
, .... ,.,',.... ' 

. ,"" '. , ,',~ '. '. _., , .. . 
" ~o use ,1(n conju.netl',onwlthadl,Ual cOlllPuter. " 

',\,' ", '-. ':"1" '_'..,: : . ,~_.~. ',' '.:'- ~:, ::'- f:'· ':':;". -:.:' -' '., ~ , 

'The, aUa. IIOlIIitnt' or 'InertIa ofthe,encloaed p:as is .> '" 
\ .... '. ',-, 

" , 
, , 

" , 
.,:' . 

" ; . 
" 

(3.25) 
f 

(3.26) 

, " . ':.: . , ; ~ . . 
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• • 

As.'these mOlHnta. o'lnertla h.ve:beenc.lculated with ,. 
,'; • " ' I • 

· • respect to .... set or .eio-ordlnate ~lles, w1th" their otJ,g1n at 

the nose or the.a.lrahlp, (x ~ 0). a' .tra'!srOMtat10n IllUst be 

'perrOrM" ~ ~o .~, ie~ .~ruea whoa~,orlgln U the point .bout 
.. . '. I . ;.. . 

which rot~ii'ono·eetira. 'Thlii .. {adO'ne 'ustng the pArallel' / 
-., ..' I,'. . 

~1s 'tranatoniaUon dea'crlbed' prevloualy. Thoae components\ 
'. . ',. . 

whon iIOMnt or 'Inertia about thel,l" 'own allis '~as talcen as . , . 

" . . 
zero IlUllt.alao'b' reterenceclto th.e'rotation center using ..... ~ - " '. " ..", . .. . ' 
the; Pard,lel. ads' tt"ansrorutlon ai1d tHese w111 thus uquir~ 

, . '" ';.' .;r: ",;.. .., 

• IIOlIent or Inei'~1"b1~ans or the quantities 

. :',,( 1l·2',.. , 2) 
.. '. c'· .c· 

sii 2~ a 2')' 
. c . '. c -

, 

',"(1 2 ~z2)': 
' .. 

. " .; . . . . c C· 

The ~a .. used In theaeequations are t~e 'lndlv1dua\ I118sses 

of ttUt I cOllponentaand the 1Il&.a used In . the _chanlcs eq!Jations · . . . 
11 .the s,ste,,' ....... ' 

: V .. ' , 
,: .' , . ..)" ... Slat'!"':. . 

• ','.:-.r" ,.',.' 0" I'" ,... 

, ~.' beln, the ·lItt'a'Ht.~ionai" constant' and V., .tell' the. tota~ , 
. '. t '",,', . "Il '~.' . 

Weight,'or the' airshiP.. . .. . .' . 
· ' . . ..,: 

(3.28) 
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3.3.' Pql"cea anC1 ·Mo_nta Acttng· 'on the Alnhlp 

, The torces and .... nta actlng on the airshlp durlng 
", . - ,. 

" . 
I .' ~ 

acederated ~tion are esaentially s1111;1,&r to those discussed 

I'n ':the ,stlttic ease. However,both the Unear acceleratlon " 
~ , ' 

and the an~lar 'acceleration . .whlchlllaY' occur cause the torces 
• 

and ~lea to chan~e continuou'aly. 
,'. ' . , 

Hencei when coJislderln~ 
, 

accelerated IIOtlon lt ls convenlent ,to cOnll.1der very 11111&11 

tlDe lricN_nt.and t~ conslder t~e. 's~tuationa as" being 

"'PaUc WIthln th ••• time lncreaents'. The' acceleration . ' 

erre,cts .. can, be superpose,d "henllO.!ng t'roJl! 'one time 1nterva.l 

3.3. 5. ~teJ'll\lna.tlon or. the Acceleration!! 
.! 

(.-. . . .,' . 

RotaUonaland tranalatlon~i~ecder'&tlnna"1l1 be examined aa thl 
, . 

alrllhl." rotates about~ts ceflter or .:ravlty.. Thull a 

IIOdI rledaet: ot uea 1. n,", Int~uced ,and 1 ~lustrated In 
I 

, figure 3.9. This. n" set ~r axes ~eS Itposslbleto 

" 

. . . ... . 
1I,~rat. the erreeta on' the, airs hlp and the 1I0tion Vi th , . 
reapect t~th4t or1~lnd hot'lzontal axea •. , 

, . 
(a)' Trarialat;1onlll Acceleration 

(1) 1 direction 

Proa'the .. chanlcs ,equation. 
, '. ,IP' ,". ,," ,x· I ". 

as· .. 

• ," .' ',' . - '1 '. . 
. ',~ . 

" ".-"2./'" ,,' 
.-- . .--_.. -_.- .. , _. ~ 

, " 

. I .• 
/ " .. 

. '. 
'. ' " 

' .. 

" 

-', . ' 

• • 

, 

.' 
" 
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" where , ' -
I!' '-. [(Pd+Pd.) coa(y) '+. ('L - 'R ... 1'3) IIln(, >l 0011 (t + II) 

It 
" 

+ [Pc + PRJ IIln (', ~. 8) 0.31 ) 
'-', ,\ • 

" 

, (2) 't dlrection . , 
, I Ft·""l , -, '/ 

the, 
.'1, 

Shlllarl, 1,n " dlrection, '1."1 
'" I 

1 

tP • 

a, '. .:.....x. , . ,'. 0.32 ) 
I .. , _ 

~ , • ".,,-;:- ~ 

, 

where 
• '.1 

'. , , , 
I!' • [p. ..; Pv]'+'PL ~Oll tTl' + « , Ps COli (,) + Pe COli (y) , 

, ' 

+ Pt IIln (el ~ (~d + pdll),~lIln ,h) , 
, d 

and 111 deflned"by the 
o , 

cUll cUll.lled , calles , 
, ~ 

cUilbih~ I.e. c Ii \' • • ,vhen ~. • . \' - , ;"'hen dl,,,lng . . . ". 

J ' 
' ' 

:J-• - c;- T - • 'wl\en: cU.bln« 

., T +,.'vhen dlylnp; 

and c • 0 In;" neutral condltion. 

.' , (3) z' dlrection 
• S1.Uarty in. the &' direction 

tP " 
• • -.! z ... 

whe~ . . " 

" 

(3.33 ) 

1n lIectlo~·3.2.~. 

In' a heavy condiflon,' 

'\' . 
• , -

1n a l1ght cond1t1on, 

, 
• " 

0.311) 

, ' 

" 

~ , -, , 

'" " l.~~" . . . 
EPz 'e, [(Pet .Pd'.lcoa ey)' t~(PL+' Pe ". 1'.) aHI (\,)]a1~ Ct + II) , 

",", ',' .' ".,', '1,., :' . '" 'I' .', 

.,[P
C

• ~Rlcoah •• ). ,. (3·35) 
. .. ..~ .' 

.,' 
. , , . " -" . .:;: . WIIiII 
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", . 
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"'.' . 
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. 0;:1/, • ., ~ 

. . '.... ~. t . .'. "; ::'~:':~~'·H:::i·~? ......... ' " ....... . 

'.' . .-.> . 
(3.39l 

' ..... : '."'. 
' .. \' 

.;. . . ' 
. ' 

' .. ' . '. :.: .. ' ,' .. 
~,",': ........ ~ 

' .. ". . .. ' . . .,' .. "':", . 
.,', 

. .. :., ,.', ' . .-::"' .. .' . 
~".' .. . . ;' '. /~. " .... ;', 

' . .',' ' .•.•• -....... " ·'1 

",' :. 

. ~ <;,~: ,~'.:- ',' .. '.' ' .. ' 

••• I ' 
" .' 

. I" " ~ 

., ........... "., .. ;, '. j' 

,.', . ;'.-
I 

. ;.;... .. : ... : . . -/., 
.... : "~' 

. : ':. .' ~ .. : ... :/.,", .. 
• 

, .. ' 
.' ~; ~"~~.:.:' 

f .. ~,'. 

.' .' 

"'".' 

, ..... 

. ' . /',' 
• h" ,,: . .' '. 

c": ~ '.' .. "; ",'," 
"I' .• ~.' 

.,-.. . ,: ':',:' ,,::q:'.:', :-: 
' .. ' "; .. ! 

-:., 

.; .... -', . : .. , :. ': .", . .. 
• ' •• ' • '\ i • 

: ~. . ", '.' ,. ..... . • . I 

. ;';.... ... .. ' . ..,.. ' .. :' . .'\ :: 
(~:':1 .. ..... . 

!: ".:' '." ' . 
• ' '.~: '.'_ .,' , .; • I 

. .. ~ .', 

. .' " 

:. :' .. 

.' 
!. 

.. 

..... j 
.' \.' ,' .. '-; . ' 

. .. . -' ~' : 
.-:' ' . 

' .. ,' . 
. .,." 

, . . :'" .. . . \'i ,.:, . 
•.... :: ..... ,: ... '".:.·: .. J,.':~·:·.t;:, ....... · .. .' ...• l';" ',:,' ";:',,' .• :' 

.- _ :1 ,. .,.:. ,::" ',,\, l: ." .. " 

'.-'. 

Q • , \.~ 

. '.; 
' .. '. ".. ... 

. i .. 

"., -. 
~. 

" .' 
..:, . 

'. 

. .... -



, ; . " .. : "~." ' .. ', ." '.' ':,-' ...... ' . 
:' 

, -." 

':.' ' .. I",'~' 
'.; . . ,;. 

' .. ' 'i' '.;'".' .' 
.'" :' " , .. ' . " ' . . , .. ,. . , 

': 
-. 

"'-, • . , 
• ' ,'I 

.' , . ' '. ,', ." 
~ " .' 

',', .. '. ~ . 
', .. I."" 
, ' .. 

. . .. 135..' 
'. . 

. '.' , 
". 

• 
"'.', ,I 

, " '.,' . I , • 

. . , 
~ '. '\ '.' '. ') '. 

, ' .. , ,~, 
, ,',' 

".", \', " ... ' 

, . 

.. '" ,.,' , 
" .... , . .... ,': " 

, ' 

" , 
• tH' -.H+"td+·"S'R. ",+"S> ' 

. """"-~"I"i>"'~ ,:" ". ; .• , .. .":".-~, ",' ,.", 
" ... 

:·(li) .. ·Rotatiortabo!,lt ·the! a~l. 
. .... ' . 

; . 
.. , ~ '. . 

i' "~:E"l: .' ',' '.,' , 

,V ·'.·'X' .... ". 
..'1 .. ,' 

" 

.. 
./' 

'. " 
' .. 

' .. 
: ". 

. ------".., ..... . (3.111) : ", 
'. . " .'.' . ' . 

• 1, ':. ,,' 

where· <' 
<I,' : " '.\.';,'~"-"~ .':' : ':' .. ', A"" 

'iM ,··M <fo"R:'+ ",+"":~ 
,,' '" A " ' .. ".: . ,:, .1;;:,.. :' ..' 
. {Un Rot.U.~a~ou~)he x;!'xls.,' ....... . 

. . :' A~.~XJti~·~d·~",~~l;' 'atabi'utl' 1n' roll"ln'airshlps 
.: ... '. . . '"" .. r 

l.tak~n: car~or:aiai.o.tJauto"t1c .• U~ •. 
", ":, .. ',' .. '. :.",:::", "'''',''''';., ,;._·.:C ,,':_ .,.::: . '1"':'" "', ' ., 

about this' axis wUlbenegle:cted.· .: 
. " .... '. .' . - '. '. ' , -

. ", , 

.\ 

d .112) 

He. nee . ~ccelerat1on 
. \ ,.' . • 

" . '. " ./ ...... ' 

... 
" " .. . :. -

3'. j.6"De.teria1n~tlon·otpos1.t10n . ,. 
: .. ' . " -; '. 

...• ....... . 0:$";..... ..... ..' 
'. 1betra,Jectorlea canbedtitel'll1ned·lt· the~S1t1oDcan' . 

, .••.• • .. ' ' , ~" .., .. .-",., - . '.e. .-

• 
. '. 

be dete1"il1n~ a~ .il tl.a;, Once the acce'ierations have 

~bHn'detera1ri~': ~h~~.l~~'itj:.~ ~e'deierri1ned tro. '. . " 

~., ,. ·.,.i'.Jt·2:·~:dt •• A+ ~t . .' ' "~J 0 (3.37> 

' ....... ~. ...:;. ·ti'·;. ;"-' ,.1 •. , '. 'i" 
r _ , --:. .. : ... '.': .• :",_, .. ',, __ > ,:, .. :,/ .... <.,,:. .. _ .. '.' ,< .. ,' ,': ~,.:' .. ';', ,.' ,;- . :,.' ~._'''' .. '. ~l,- .", 

8n4hence the p081tlon r.eteioenced:toj<*e 1n1 tlal co-ordinate·', 
'.. . ,.... ..;...... .' ' .. : • • . '.: _. .. . . <> .. . ": .' J . 

,',. ~.1"'. ,l, •• 2,·Y :.... (3''')~;, 

. '. . 

'.where,. ··.po"ltlcm~t'th.,·pri·doua. tl.iel~terYalr 
'. '·i . . ·0 ... '.< .: .... , .... ,J .. ' ... . ': ,: .. : .... , ......... ~ .. " ... . 

"-'", .. 
.', " 

V o".,"lo01~,it.the;p'~"lcit1a ·.tiiH Int."al •. 
", ~ .. .-;. ' . ,:, :'-" ,<,,~: :' .. ,< "--:." :.> .. -~ , " ;,.".' . ': ...... 

'\, ' , ". ,. _ " " ,:',. . ' .. ,' ", -,-'~"." ,'. 

".' . TIM· rilodti.a· ·Ud,j,Oaltl'on.ilust .be .~*t.r1Il1ned for the 
..... : ... ':., ::: '-,:. "'-::'-'~'" ',''',' .. : ~,,~'.~ -",-• .'"~"",-,,, ,~"':~">:->~,:",:.' ".' "," • -":';"'.' .' ,.,' . 
. x.'1 and". cp;.o~lnat •• · •..... 000c, •. theSe.co-ordl,n8!t .•• -have. been . I 

·.o~ta1ned ..• ~:.Yalu.ted.t~~c~~.ln . that ". th~cotTectltaneUVe1'9 . I,>:.',~'. 
.... '.'." :.' : • .- _:':' .. ,~ '. ", :: . .:,,-:_.':.' _,:,.-... ;,.:.,' ;".'- .... ~ .... ' .• - '.'j .. , ' . '. ,'. ",'. '.. :;-,::·t·:,~" 

...... ::,.,:::::~:':",.:'>.:''::'. :'.".r":;"_~"'·;"'-~"·~"'·'·_"""· ........ , .... , . t'· ".,",.. ".····,.,;:,i·:-<t;-, 

-.,' 

'.'1 . "-, , 

I 
. ' . , 

'.', '" 
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': .. 

.' han bel!n~aM-ll!d~t .1t":f.n~ po,.lble· to, I!niuate the rl1~ht, 
",' .:'. ',: ,..', , .. ,-: ", :/' .. ";"'~',:-"'~'''~'' ,,,'," ... '" . , . .' . 

forcei act1.ngon./th.'aJ:J'.hlp':i~\.Up're.".d~ .b1. (3 • .38). arid thus . 

. satl~ ~·the1n~ t1 a1 ~U1.~':'~~s ;" .... . '. 
'\ .'. . '. ~ 

. '. 
. ' .' " .. " ':.' , ~ " " , " .~. , ' . 

· 1;- User Oiiiented Co!!!puter P~grllJ!lllle~scrlption 
.... . . ",I •• :.','" 

. ,.' .' ' . 
'nI. th~()I"1. whlch.hais b.~n pre.aented1n' tbepnevlous . '."., '. - '. . 

· I~Ct10ria i"nd~,'~t •• ~t ,tfa.cs~Jit .. tl,o~to, cOlllputerusage ',in 
, ,'.', ':,' " ,/,' '. ,'., '. " ' . " 

order to both aid the dea1Kf\er&n4 to sub1ll1t' as part or . 

· co.puanc~rAtP~~~' ;~Ul~et~,-t~~M1'n~~trTcor ~an~port. a 
• . . '. "".: .: .' .' .··0 .. ' " ,.' .'. • I' , ' 

llnr. orlentect·colllp\it.r·pJ:'OS~ has been deyeloped. ThIs 
, "c ' " .' :,'" "', -. ,,'-,:. : '. '.':' ',' '.' 

."!. 

" 

, , 

... , .. 

1n qrder·toexaa1",eyarlolia, design p()~.lblnt-1es •. Figure 3.1,0' 
" :'",.>:;::':'-:"_."'" .. :.: ....... :, .... :.'~:' •. ,.'" '::~:'. ': '.:, ",~, 

1l1u •. tl'atntbe 'pro~""'" s.t'up. ,.A . cOiiplete lbtlng ot 

t~~ pr~~""'f.i~~ludecs 1n:A~pendi:~E~ . The p~galUier., 
", ': . ,:' ':.:::' :.: - .,' ',:." '.' , .. :.,' .' "'., , . . '.-: ,.':",,: ,::. - . '.:': . . / . '.,' , 

, . doea ':not. alliulate'the" exactcOndlt-lona that. pre •• U In' ~he .' 
. ". '. "' .. ":.: .','. '. " ". • .' . • I. '. 

.. ~. &1r.blp.t~ari~U.e.,~;. 'l'o; d..pU1'7,.ttera· the bllllioneta .. 

" . 

' .... 

, WU.c~~ldeNd '"to'betu117ctemttldat aii,t1lie,.a. Thua 
, ' ." . , ;! 

, " '/ 

c.n~er 'Or p-aYlt, Sbitt's. etae' t'O yarlo~s degrees ot intlation, " 
.' ',. .' , ;'\. ',' ': , . .:.". ': ':' .. ": ::','" .;." : '.'~' .' ..... ",', . '" ,,',,,.' ..... . _;,'. I, .. ' .. 

wer& .. ner;Ie~t.et .s,vere .xl&l,sh1tt..ot tbe,ce~er.or sz:av1.t1 . 

due .~ .. to~e~ancS:'.~· .• l~~.hl~1t ~'t.'th~ 'air, fn. th~tialionet~~. · .. It<. 

. . 
. ' 

' . 

:, . 
, ,~ 

... 

. '. ~, 

. . 

./ 

• .... ~~;~. • '.,. ",' ,.' • .' ... ' '~ ,", '.' t- , > .'- ".. . ' ,... " ' i' .' , 

la also. ".UMd that' tbe ~slgner. Ifill pr.odde' tW'O, horiZontal .. ' ....... ,' . 
' .. " " ...' .. .' \., , '. . .,'. : "." .... .... .. . .'," . .., .' .' . " '." 

taU su'rr.c.sarict'~o .. l't1.c*tt&1i"turta.ces ... ' lit. ,thlsla 

";'tthi( :C .. '~.theri'the'qu~t1tl~.1.~Ol-dng:'the. ·tall'to~cell. 
. au·.t~er:.Ult8b~1.·aiter~.,.:·" ' .. , .... ,......./ .. ,,<. 
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CHAPTER 4 ,. 
f . ' ; , 

CAs:.i CABIN STRUCTURE, DESIOtl 
,',. 

'., 

~,1 ·I'ntrod~et10n , . 
,. 

,In addItIon to the theoretieal aM pro~rllmmlnp: woik 

,undertMl!n', this thellis, also, provides thie' de,sl p:n and'analys 111 

• or the ,ellblnatrueture or alrahlp CAS-l. The IIpee1rlcatlons 
" , 

liS to eabln dll!1enalonswere,,~ovlded by CASG (Cllnadlan 

AirshIp Study r;rou~ , subal!lluentlyCanadlan AirshIp Development 
I. '. "",". .'.' , ." ' 

COMlorat 1.on). The ~l.oadlnJr, renUlr,l!lInentll ,whi eh' the's t,rueture 

',' ,." , 

11l1li t,o'mee-t, we-re ,oar!;!all! sneel rh!d by lo!lnistry cir transport, 

C,lvI 1 Ae-ronAuti-cs , Provldonal AIrWorthiness R.I!'"ulremen~s, 

", Alrs~10s(3J.- se-ettons SC: 2(8)" 'SC.2(b)",llndSC.ll . 
, \-.. ,,' 

The delliP':n' phllosphy ror the. eabin,are Inc,C)f1)orated 111 thE! 

. fo llow 1 nil' ' ld tl ,\ .' "eona e-ra ons : ,"; , 
" 

. (X) 
" ,. '{ 
The ,rlnal 'eonn~ratlonlor the' endne ,suPflortl! could.~ 

• 
., 

(~ Consld~1""ble stren~th Waft tob'e b,ullf' Into the 

stMleture In ord~r'to perisltftub~ec1uent modlrIea,tlon ror testIng 
'1,,'. . ." 

or ""r~ou/l ,envine supl'I,ort ,eonrIP'Urllt10na. 

, " (.J), ~.fI' ,,~tl!'l!lpt 'wila to be made,' to ptov1de under noor . ' 
11-. ~. • :.": ";. '",' ; • . I • . . . 

"trenp,:th, and eO.1IIPt'eaaive stren,~th Inthl!' vertlcUII ,In order to 

provIde re"aonabl~' protect,lon 1 nside the ellb1n In, ea~e ,or' 
", - . . . . .... ~ . 

aeeId,nt";l Imp"ct. ' 
~~'."" 

" ' "\. 

',' 

-0,; 
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, ' 
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" 
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Due to ll1.rscrew clearance·reou'1reinents, w1th respect 
.' • h 

t"1'l boetf .the ~ound, IHld t.he Jj,nvelone, the cab1n n:ust be hlp:her. 

th/ln needed r~r. 8ceol'l1!lodat{0~.-: Th:1.s pro;,liledthe baslsro'r -., ~ . -. , ' , '.' ',' ' . 

t!il' d·ec:l.slori to f'rov~de a.dee.ll"rloor strllcture provldlnp: 'P'Rodo . . , . . , , . , 
• ." /. '.". • • I 

!'loor IItren,th "nd liene,r:,oUII'st!8.c'e ror .ot,her ~ reou 1'l"ement·9 
. • I .• • J . 

!lueh as bAllast·contdnment, ,hlln~l1nl".cables. arld r.uel'·tanka •... 

The Cllbin s~ni~ture 'can b~ seDllrated 1:nto ~o· Mati.net 
1 .. r _ ,./ I • I. 

sec.tlona ~,ach or which ·r.lUst wtths,tltnd 'I:ertaln' loadlnp: . 
" ";' . . 

cond! Hons. PI.gure".l lliuat~atea·· tile, total· cab!n with both' 
£] • 

side and.rront views. The lower cabIn structure (belo¥ 
I ., . 0 • :. " 

, , 4 • ~ r. 

noor level). :1l1ustrat~ 1n p1sr.ur~ lI.a,~s.' reoulr~d, t.o 

iiand tile load 11'111' ImJ)osed~v iandllill: on ·th'e "s 1 np:-ie" rna In 
~ " . • 

ttle 

wlth-. 

wheel 

• 

'/ , . 

.,' 

1St a ''',tlee 1 r1 e,d s1 nk .'rllte. 
. '.' ;' 

HO)fejler, t'vo othet: condit1ons snould 
" . . . :' , " 

~ • 'I 

(1) the staticcond1t1on o'courlhp: .he,n She al,rship'ls 
" 

Il.t rest 'ci'n 1ts, a1n",~e larn!'lnJ!: wheel, 

f~}, therll1:~'ng cond~tion odcur1n~·.~ej,.~he Cabl'f\,.1s 

.. 

, , 

,J 

. , 

.. 

!le·t'I~.r1l ted' frol!i the. al rs hip And 1 S' M,S t..1 nil' on rour removeab 1e .. / 

eaators. 
• 

The upper' cabin ~t,ruct\lre, ll~u~t'rilted lnFlv:ure 'II.' 3. c!!n 

'ltselr be divided 1nto two dIstinct s~~10nl~. The tranl!· .... erse 

sec:tions are t'eoulr~ to' w1thstand ·the., 10Ild'lnp: 'lmposc'd by ~he - ~ , ~ 

lnte'rnal "catenary "System: ; 'Th~'lOnp;l'tudj'n~l ~e~tlons are i:eaul~eci 
.~ ..', ',t .' ~. .. .• ; . , " . '. 1:' .' '. • ,~ , . • 

'to wlthatit.,d the 'loadl~ due to .the extermal lIuspenslon system ... ' .. '., ,. 

and due -to the, force lli1J)arlted by the .eng1nes ~ 
" . 

, . 
{. . ' 

, ~. 
.. , , 

: ..... 

,-- .. 

.' 

.. . '. 

o . 

, 

. , 

• 
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Upper. Transverse SectIon LoadIne: AnalvsIs· 
, ' ": ' ' .,,' - , , ' . " . ' , . , 

'., . . , 
T~. transverse .i.apperc'abln structure 'h.asthree 4l'aJ Qr 

.' , , 
, ' .' \., . .:.. , . 

Each sectlon.provldes.~wo attach~nt transverse sect 10nll', .. 
.',' ". . ' 

~ , . ~ 

po1.ntS'·tor .the .Internal sUspe.nslon a~at~m, . The cablll weIght 
• • 

/ . . . 
la' usually takim 60S· o.n the Inter",11suspen~1on system and : 

40S· on the ext.ernalsuspe~is,1onsysCfJ. ; However" tor the .. 
. " , '. ..··r I . . • . j. , ., '. 

purposes of th~s an'alys,1s 100S of the cabin w.elyJlt wIll be 

Ukenon. the. Int~rn~~:\'u~~~ns1o~ Sy~t~in, . This "Ill- tend . 
. ,', .:1' . . ". ' " ", '. , ""; .. .,' , ~ , . . '. ' ' , ' : 
. . " to, pro~lde a conservAtIve .dea1tm,'·Another s1mpl1fl-catl n 

. In~l+s i the. s~aH~ ~np:Ine IWdgh~ dnpu;, .. The eoridl t~on s 

. l11us.trated 'b'-lFl~re 4,4.:' The .struts' :s~own lri. :the l1.1u trst.lon '. '~ ., " .. " 

, . . . 

'" areintenalonin 1)0th·the~8tatle ~ the ·dynamlC;,s1tuat o.n: ~ .. 
Reterfn~. to P1RUre. 4 .• 5 it can be s.eenthat t:he terllslon In the •• 

i' • ~trut. ~Ul re.duce' ~t~&: f~ad·ln·,~tut~ra~aver8e· structure, . 
. " ."" .' ~ . " .' .. " ~ 

. . 

. Th6'Vorst condl~lon'i:hat-: occur's is ~he' ~nfl.1p;h·t;'.dynillillc 
, .. . ... ,." ," "'. ,.,':, o! .. " ,~" ,. :, " . 

\08'dln,:. . The aSSUlllPt10n ora r1r:~d., body coo.s!·st1!1P:ot:". t~e 
, , . '. . " . . 

~ . . .' I • . 
, . .~.' '. ,: . ',' , " 
en!f1nes, outrl«~erJl, and underrloc;ir .structure ano"~~ 

. . ' .' ' : . - .,.",. . .'- . . " . 
an.af,ala: .t.o. bepertonD~ 'Tlle, t~tal torque .ot.the'enp:1nes 

la·~2r{JOt-POUrtd-; •. Tjle ;resultantsltuatlon 1;S lU\1stra~·ed 

by Plv.ure· ,.',6, . ~ atatlccons1d~rat10"a . , 

.' 
.,' ':.'Cy' •... ~. 

. ' CH!".~H' 
.'" 

•. -'" 

~ -'; ------ .... ....... 
. .... '. .. 

. .:. b 

'. . '. 
and·trOllS a IIIOIIIent,ana11818pertorMedabout point A . . ... - . "." " 

, . .~ '. '. " 

. . ' ..... ~ Dy ,. ,~,.~. 7~ POUnd~. . 
, ',-' .". . . : \ " ' .. 
. :;~u~: l.pound., .... ~. ", 

:~-:'~"" "",.,: ' 

.. ,I ' , ':. . ".' " .' . " _,., .• i",~ • ,.. '. 
, . '. ...' . . '. , ,', " ., .. 

" .. " . 

. . 

. i 

, " .', . 



. , 

\ 

. ' 

, . . . . 
' .. '. ' ,;. .. . . 

. '" . ",\, . .: .. . , 

. '. ,', 

",' .. . ,/. 

. " 

.. 1' ,. ,' .. , . 
• ". I" . I \ 

.', 193' 
./ • 'j I • 

/ 
.. 

.. ' 
. 1 , .. 

" ~1' , 

.( 

" •• 
TRANSVERSE 

, .. '/'. . SECTION, 

, , . STRUT . , 

" 

\ I. , 
I"~ .' 

'. :.' • • .. , , 

t 

". 

\ 
. .. . .... ~ 

• ,to 

.' 
.. . 

" 
.' . . ' . . . " .. 

, . 
'. I 

, ' 
, . 

\. 
.I' .. 

, . 

. '." . 1" ,. 

. 
. . . 

. .... . ,', ,. 

• n . 

.... 
.R.lGIDBODYCONTAINING 

THE--ENGINES 'AND: THE·· 
UND£RFLOOR STRUCTU~E 

. '. ~ t. . 

. . 
',' . 

'. I.. . 

: .... l ~ 
\.~, . 

~J' . 
I 

• 
., 

.. 

. ... ,' 

., .' 

", . 
c .. , \ 

, . 

\ . 

•• 
.,' . 

. , 

. " ,. 

6 

·1 

~"';I '. 

'. . 

.. ,", 

, . 

/ .. • j' 
.' .! 



f· '. 

" 
! ' 

p' , 

" ' 

" 

I \' 

" . . ' ',:. 
" '. 

". 

" 

".INTERNAL " 
, . 

. , 
, I 

, , 

, SUSPENSION" 
'LOAD 

. '. . . . 

, , ,. 

. ..... I 

• .. ' " , 

" 

.. 
" 

~. ' . , 
, . .. 

~'·,.I 

• 
"~ " 

, , 
,~ 

, Ii, :rRANSVERE ' 
..... ..----- STRUCTUR . " , : 

" ' ' 

•• 
\ , . 

, 
, . 

. ~ .. '.. .. 
: 

• " 

" 

/' " 

I ' 

• 

• <, " "\ 
P1-«un '.';: Endhe Static Ve1"Jrht, I,no\lt AJoranp:ement 

" 

• . ,. 

';' , 
" 

• I' ,-

. " 

" 

• 

" , 

, . 
.' " 

\ . /' 

, " 

.. 
" 

.~, . 

• 

• 

" 



• 

• 

,. 

.. ~ 0 • 
;.;7 

•• 

.... ' .. " - . 

• 
,". 

" 
• • ~ . 

• 

" ". ", 

-• I .' , 

" .. • 

" 
" • • r , 

'I t 
• 

0v DV 

"IF' '. t· " .-. . ' 

~H:··'-, \38Z~-~j ' __ I Dti 

" , 

.' . 
" . . 

• 
P!IrU" '.6: !n/l"e Sta~lc V.l~t Ini)ut .. 

• 
.... / .. 

" 

I . " 

." ~4 ' 

" 

" , 

" 

19~ 
• 

" 

" 

• I) 

r 

. ,-~ 

, 

,.. 
, ' . 

,. 

' . .... 



"f. .. .. 
196 

" 

, These ar,e the addl tlonal rorcell",p,.o~ce~ byt,rae en,r,!ne tC!rque; 
, " ,,' l,; \ ' , , 

These rorc~II,muat be ,d1vl~ed between;J~hl!'thre'e transverse c' _ 
, " 

,sec;ttonS, In' the tI8~p.roportlon as the stat1c 'cabIn weIght 
, " ~ " ' , ,'" 

is 'propor~'lo~e'd 'to' the;i~~e;n~i aUllp~nalon sY!'tem.,' 
'r~'. i 

'The an81yll1ll or the internal ,suspenlllo~, system loads, 1sbased 

on the aS8I.11npt1~n i as ,p~eVI0~SlYllta..hd" that lOfil or the S,t~tIc 
\ ?' , ' 

'cabln ,~e1ght 111 Carrl~ by ,the aystelll; The system is sy~etr1cal, 

about the 10ngitIJdlnal cente~ line or t~e cabin" Theto~l 
.'" 

cabin w~l!'.ht la' t'aken as )20.0 pounds., 
, . . " ' . 

, ' 
, " 0 ~ 

Tl)e. rree body d.1a.gram, 
, , , 

" 

or theayatelll ~a shown by PiKure 11.7., 'Thesuspena1;ort ¢ables 

• ;'illhllVe load 'cells '1n' orde~ to allow the 10rid~ in 'the l;ableB 
" 

tootle' set at: any des1red, (Juan~l ty'. 
, , 

Hence all comb~natlonB ,at 
" . . 

'hns10n., 'It"e 'polIs1ble, 1r 
'" 'i ' , . ' 

tPv'~'o. (4.1 ) , ' 

I 
(4.2) 

, ' 

tMCQ~', 
," , ' , (11.3) , • 0., , 

• , , , 
SOIiIf arbitrary ,choices DlUllt' b'e Mde 1n order to ,solve the , 

s,ste~ shoWn -blP 'PSnre ill ~'7~' 'TJ,e, rollow1n~ ,Quant! ties were .. , 
. , ..- .' ~, ' . 

" 
",'.. 't~, ~ 

t!,ererore. arb:i ~1".1'lb chOsen. 

• 
" 

"II -, ' ~5 'deln"eeis ' 
- " 

• , , 
., . 

, 
1# ' • " 

, . . .. " 

" 

t, :. i' 
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,J ' •• 
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R~rer1nllt to the rr~e b¥~ dhlr,rllJ!l, the: ~ollov1np: enuRt 10ns 
,,' " , d I 

elln be J:OI'II\~1'18~~d. '.' " 

~lna + 7S0 + CB1n75 • 1600 • 0 (11.1 ) . 
• A coact - Ceos75 • 0 (11.2) 

, . 
A sinax 66 + 150 ,x Ii! - CS1n7S x liB • 0, (I(JJ3J' ' , ..... 

'C I ~, 
... 

.. , 
590 pounds, . ",., 

, 
A 3iB • poun4s .. .. 

, , 
B. 150, pound.s • .. ,. 
a • 61.5 dea:rees 

e • 75 6e«rees· .. 
• " '. " • ,If 

I!o"eve~. 'ror,th~ purposes ot'this anal:vsIs,. on,],v the, vert,fe,Ii,1 , 
" • 

eolll;i~nenta nave. sl,a,HIeanee: " 

~ 1!',i!80;pounds 

K. ' By' ,0. 750 Dounds ' 
.. 
. r 

'c ~ 570 "ounds , "V, ' ... 
d' 

, . , 

~,e l~dS' on, the structul"ecanb~o.lvedlntQ~,B1x components. 

These' co,.,onen'ts. l11ustl"ated a10nll' wIth, .the bas.i,c structural "'< 

"deS111!n .'In :jrlv.u~'II. 8;." are ' 
" "I 

, , 

. ; .. 

'. '.' '.' , . > " 
'0)1'.(1 the YeI"Ucal lo"d' due to th~ statie tension 

. ' 

ot'thesuspens1on cable plus or minus ,a rorce 
due to the enp;ine' tOrtlue. ' 

thehorl~nta1 load due to the 'stat,ic tension 
or the suapena10n C,ftbleplu,s a. rOl"ce ~ue to 
the endne,toroue' . 

, ~ , , 
(3~ 1'VII the'v.~Ucalb'al8n'cln~rOrCe, 

',(II) 'PHli.tti~ hO~l~tal b~anCln~.,to~ce,' 
.. 

'. " 

. ' 
'.~~' 

1, . 
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Tl'an."e~e" StMicture 'Load, COlIIPo~nta 
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, I ,20j) 
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• 

'th~' ~er:t1~al 10~d, due ~o the stat1c tenslon 
or the I!USpenSfO'1~'C ble ~IUs or m1(lus a " 
torce -due to 'the.. ne,' tOl"(!ue 
'. ~', ' • I 

(4)' PHIt! ,thde horl'zo~t"'l force d~e to,tt'u!' above' 
,an obt81ned b~ ,Conslderlnv. moinents, about, 

" the ,cabln center H~e. ,,' 

. . '. " ", . 
These loads can be' d'etermlned ·"ror~.eao-h trllnsv.erse section; . - ,,....: ", . .., . 
In or4er' to, s~~u'ty the deS1v.n: the" dec~sfon ",~ maCle ~to \lse 

• '" I • \ 

, 
, '-

a COllllllOn' II 1 Z!! ~tubl'n~ in all thetran;sverse ,structura~ 's:eetlon's. 
~ • './ . ., . . '-, :;,' ...,t, '.. ~. ' ". " ~ ~ : ,', :. 

- Hen~", only the 4,lIIUm 10ad1ng, ,whlqh" occ~rsl~ ,sectlon B', " .' 
• •• c. • 

vas .:cons1dt:,red and, the total dynam1e loadln~~ or tbe enp;lne's 
II • ..' , ' 

.j.,,' 

, 'I~ 1: , .. " 
vas alse? as~um,ed t~ be talren, Inthl~ ~!I~ ,seetion. ,The ,suspcmslol,l' . 

• 
cables, were assumed to hRlVe .anlncl1lTat1on.ot: 75 deJ&ees to ,the,' 

I" " • • . _. . -. ..' , ' 

, 'horlzont,al. lUI sbown 1n Ph:ure II~B. a~d the resultlngloadlnll' 
• . t ~ 

7, " . . -
ls~):lv~n, by Table 1I~'l~, The loadln~, s~uat1or'ls Ili'e sh-own In, 

P11fU're II.~" and~' _,re',II.lo,. wh;le ,the' ,",anh~c~l a:'1alys1s used 

to solve the pro lelll 15 presented 1n PIJtUres. 11.11 and ~ .12. 
, fl" . ," , 

Table 1I.2rrese'nts the loads,obt;fli,ned rr01l1 the analysts" and also " . ~ .. 

th~ 1l1~1111&te deab:n If?ad;' 'The" u.lthl8tede51~ load wa~' takeri, 
. " ,.' . . -. ," . 

to, be tht' larjter ot 1;he lett s1de or rlp:ht s1de 'loads 'and a . " ' .,,' . 

. . . , , ,I 

,situ'atlOn tthich ,can occur due.to'wind',~5ts t11ttinp: the cabln, 

side on. , 
" -.l).'If'the auantUy : i 

" 

~ 1'.' 

, W dna, ~max1111U1ir , 

chos4,~; ~~150 pounds 

snowri 1n Figure 

1 

'/ ' , 

t;h~n ,a, the, r,tIst swlng 

anltle ., 
. . - , . 

c;anb.-. c~lc~lftted to be 30 ,~err:ree. r 
, .' ... ' " 

• , ' 
.~ ... 

~. I 

, , ',-- -," .. 
': .', " ," , " " J' ' 

, . , 

, ' 
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• ,'!'he. dlvls1.o.n, o,t ~h1a'loadinto 'the ,;,vilrl()us, .1o~da r,e~ulred 
I .' .. . .'\1 ~ tJ ' : 

. ror, 'the atructural' lU,lalyslsla. ~lv.en by Plp:ure 11.111. The 

.... 

, -r ':?t:' ,.' .. ', ,"' " " '... " , . :. .:: .', . 0 , 

o. '/ loadlnJl: dla"iuwtsroi- these. loads are .l)r~sent.dlnFlrri1re ·1I.f5 ' • 
.... . " .'. .' ,/ . 

IInd.plJ'Ure 11 .• 16,. Ilnd the,""8ph1cal 'analysis, per'rontled to 
'. -', :, -'", . .,.. . ~ . . .. ~" ,". ',' . . 

obtall1 ,the loadsj,neach. meriber •. Is J!reaerited In 'P1Jrure 'q .17 
"., . . 

V· 

, . ,. 

The worat',posalble a1tuat10n~and p~rhaps an'onreal1s'dc .. ' 
'.' .... .',J '. . . '. .: '. 0 r:····· . . . 

one, occuJ's .. when the. above : loadl'nlt is !col!lblned' with, the 0 prev16us 
.• "." ••. :" .• ' •. ~ " ..••.• ":, '. " ,,: • ". ",.' . . I' • ",' ." • " ':-,,' 

· loadln,fUslnp:superposltlon. The results or such a 'collibl'nat!on, 
- ' .• ' '. : • . • I ~. . , ' 

i'n·teMIIs or ultImate 10Ilds,ispr~!llented In Table 1I.2(a). '. . . . '.. . . 

PrOll! the reisuits:presentedl~thls titbie the·sfructuralmembers., . 
. . '. ','. ' '.. '. I 

.' reauired: ror:the' transverse 'sectlons" cRn be detem.ined. 
• .' ,-; •• '. • '_ .' '. .'. f • • 

..... 

11.. j . Upper Side, Me,;~eris.L()8dlnlt: .Ana lYsis 

" " 

The .. atrui:tu"re l'nthla ana'lyll1s . !!lust. wI thatal1dvadous 
• ..'. '. ' ,. ,', -; " ~ " , - ~ , , • ~' .' . " . 'II ",' .'. '. . ' 

rorc.ellvhlch'~ari:be.coinblned Into. two hadc situations. "lnvolvlnp: 
• ' . " ",' .: .. J. . ".- :' . ....':.... .;..' '. f' .: ._ ".' . ',_ . - . ,:. . .' . ~ '. ... ... 

ci1iab,anddlvenaneuvers~const1tut1np: ~he extreme boundarIes 
, .' f" ..... . 

" j)t ~he '.' tl1ltht4tlle,?elop,f: •.. Thestructu~al"conrllP,J1ratlQn, s~ciw~ ,In. '" .. " . . . .'.' ,. 
P1p:ure.' "~,, 9 ~:lIJ\,\st vtthstand therollow! nil: forces : 

. ',." , ," 
. . 1 

". hr, .the.'v.elltht or the cablnat.the center or jU"avlty·· 
. .,' " ",; .' 

. Jlloe~ti,~I!~":l~O~'P'OUndJS)' .. ·'. I.. •.. " .,' ." • " 

, " >e'2J,'tbe truat'ror~e: or t~ee!"~lnes (q80 pound:s' per engine) 
" . . .. : '...., - . 

" '" '" " - ,.' . " . . " . ,'" ". .' I' 

(3),·the·.tC)r'ceS.due .. t'o a ')0 de~e d~ve·· 
',.. . . . " ,'" '",: ... ':. . , .:),: ,,'. ." . . .:' . ,. ''"'.' ~. ,: .. 

,,··.CII'.).het'orces ~ue :~o 6'30. de!l!'rCte,upi81:ds inclination 

,' .• ~ .. ~.: ',~;~.·2;~}Can '.be.:c.0IIb1rie~:l,nto"o~e' sl tua.u'o~. and 
. ' '. ": - " •. '- I , • '.,. ',' ~' .• " • ',' ,_ ",.:: .'.. ., _ ". I. ., .' • 

· Cu •• ·l'Ind:.~cUi:b.' collblned!l'\tO·IUIClther.dtuatlon. T .-

. ' " 

-: ' 

. . 
'. ..' 

,'" ,; " 

.' ',. . .. ~: : .. ~ .. ,:: 
'," 

'. .. 
,-... .. :', . . . . c· 

'; . :"..: ~.',. 
, ',- . 
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4,3.1 'Basi,c Case 1 / 

. Thls sltuat 10n combines the rUllWe1gh'l at the center 
J 

or "avlty wlth ,run eMine thrust and a thlrt~ deg;ree dlve,' " 
- t : 

'~he free body dla~ram 1llustratln~,thls81tuatlon 1s shown . . . . ' 

1n ,Fl~re" 11.20. 
, 

, The value ot, fV'rel"/lfns 'as' determined In the prevlous 
. , .' . . 

an81ys 15 as It cannot res 1st any couples. An aoaly'sls at' 

t,ile vertical torce-s Ilnd t'h" moments about the center ot, ':" 
'. . ". 0 

,ltl'av1,t,lmp }les that a r;leltllttVe c'Rl-> le t_orce 1s, 'produced at A',. 

, , 

t ' 

'!'hl's is unrealistic. The moat, that canhapDen ls that Av-O \ ' . 
wh1ch lmpl1es-thllt the cable ls,&lllck. ,. , . 

fo'ii0M1\~ 8!lalysls ,can be, pertOl"Med .• '\ 

. , 
Assuili1hy., AV.O. the 

• 

, J 

tMC(J • 'O"~ 1280 x 72 ~ BV x'12 - eV,x 66 - 0 

• 

•• , . , 
" .. C".1351 pounds 

, , , 
Sv', .' 2"9poun~ , ' 

11 •• ,.~ I I I 

Th,e loadlnft Situation thus produced Is.lll4stzoated by 
.' .. . 

P'l~re 11.21 . and the Ideal1zedsltuaUo'n us,eCl to',solve rprthe 

'member load1~ffS ,1ashown bY.P1~re 11.22. "This situation 18 " 
' .. " " .,' '.' '.'.- .', . . ',' . " 

conservative as the reafn<Jmber 'wlil,have smalle.r rore.es than, . ..' . . , 

'; thlt-ldeallzed, tnelllb~r. "lfhe~~~u1ts,ror tMse members to be . 
'. ' .. ~. ,'- ~ " 

an.lty'sed In thts ,iieClt,lon a~e preaen"t;ed. ln' Table: II. 3.; .... . . 

'" 
" ' 

" , , ,..... ~ , 

I.' '. ,. ' 

.'~ ... 
, " 

.. ' . . 
" , .. .,., 

.. 

" 

" 

-. 

• 

" " , 

, 
• 

, 
~ 

, 1 

.".,,1 
, . . ' 

; .. ' ,'. 

, " 



" 

", 
" 

i ,. 

• 
" , 

J ' 

" 

, .. 

J • 

,. ,I 

• 
, 

" 

;, 

, 

A, ., B 

F 
E·" 

... 

FRONT. 

• 

;' .. 
. "'1" 

. 
,', 

.' 

r 

" 

Up-per.Slde StructUl"e 

J 

\ 

", 

216 

• 

. " 

D ", 

• 

'. 

. 'f' 

.. 



, , r 

" 

:.' . 

• 
l 

" 

' .. 

, ,. 

\' 

• 

'. 

, ': 

. 
" 

, .. ' 

:.,", 

,', 
.~.~ : 

.. ' f, , ',' 
.... ~: .; .*, ' .. * . .". ',~:j: '.,. 

"f,' 

,/ .. 

" 
" .' ".'~ .,C, 

'. < ., .... 

" 

,' .... 
'.' '. \. 

" 

~ : ....... 
" .' 

!.'.' 

'. ~ . 

.. : 
" 

" 

,- , , " .. . 

.' .' .r 

".'. 

.., <;., 

. ,""!' 
:'r 

, ,; 

" 

,,-' 

.. :, 

" , 

...... 
,,' 

.. , 

. " 

.: 

:; . 

:;,;. 

1, 
.~ ,\ '.:.. " 

" .', 

i 

',' , 

" ' . ,8>,,' 
.V 

, ' 

" 

;'" . 

" , 

'.", 
: ' 

J'_ • 

. ... ' 

.. ' 
, , 

.~. I, 

" 

" 

'.' , 

',' 

'. ' 

.. , '. 

l 

' ... ..•. 

.211 
'.' . 

. ..... 
, . 

.~, 

" 

----4 •• , 

" 

.," 

, 
" 

't+JL .. 
", 

, 

.. , 
.... "1,' " 

1>: .. 

., 

..... 

If,', 

" 

• 

, ' , , 

" -,f ~: 

··f. 
':., 

. , 

\ 
. .: 

';1~"':._~29.: 
. . .. '.: -:; ". ; ;'. ' 

.. .. J .... . " 
"',; 

. -." 
" 

'; 
,'~;-. 

• . :'; 
( .. ;. 

••• ;. I':. _ '. 
I, 

~ ~. ..,~ 
'j' .•• ' 

:;.,' 
,~, 

,- , 

i 
'.' 
", , 

..•. 

'. 

. ',' ~'" . ., , , 
:! .,. 
~ , . 
".' . , 

, . 

'" :- ~\'. . '.: .j!' "11:, '"'t. 'I.' ~ ''t' 

UDPer' SIde :StMact,j~~' tOad in,,: , Situation. 
'. ';' , " ' .,,~ . . , 

. ' 
'." . . ... , 

'; , 
" ',-. 

, '.: . ',:' 
':.' 

: ~ i·." . .' 
" •. ".':: '. 

:'.-

.' .. 
.~ -' 

·l' . 

,", 

';', , ,. ''; 

t, .-
. '~ 

,. 
.. \ 

, 

'::.' . ...-1o,; 

" 
. ".~ '. 

'. :'.,'" 

'j'" 

. ',. 
" ., ' 

:~, . 

. . :;'" 
.' 

, . , 
.' . ... :( 

':"', . j ' .• ' , .. ,. .
;. ... ' .... ,:: .. ,' 

" ' ... ~~ . 

" 
", 

'.' 

" .... . , 
. ';'" . .- . 

'. ,'.' 

" . 
,6 

'ri 

, ' 

I 

'.: , . 

" 

.', 

".' 

, . 

" 

, 

'. I 

' .... 

• 

,., . , 
." 

'.' 

",. 

" 
,~ 

" . 

, ' 



\ 

,"" 

;1.'.., 

'. 

.. ' 
. , . 
: ' 1 

". 
' .. 

1 ' . 

'. i 

:.: .. 
j 

" 

'. : 

1'-' 
• 

....... ~ ... 
"",, • 

" " . ' .. 
,0 " 

".'!''' : 

.,,' . . 

: " . '. 
r 

" 

, , . 

,. . 
':'", .. ' 

.... ' 

.' ...... 

", ,-

;. 

' .. ,,' .,,' ': . ' . 
"" / 

,', "'//:" .' '.,'; , 
" ,' . 2i8 . . ~' . ; .:, 

I 

'1 ".,:' ", 

" .. 
" " 

.' I .. " " 

," :r. " . 
,".;, 

~.'" . 

• , . 

". 

, .", 

" 
'. , 

, .... '. 
" 

;. .~. 

'.' ."\ .. , ~ 

p ......... ---~-"""';"'---I'---"""~- --·"2:80 
" r' 

'"'.0,····· 
.. ' """'-.' ",' .~ 

,"," -

. ...,'. 
;'. ': \ 

., .... 

. . ~' . ~--___ ---' ......... :._" ....... ~ .-'-'-1~80 . , 

if 
:1.82,' 

.. ',' .. ;.. . 
. " 

c,. 

" 

\ . "'j\ , ':." it ," 

" ~. . " ..• Plv.ure_~ 22:·<t,tPpeI'Sld~. 
. . ... -.... ;' o. ... ~~: ;. .. 

,' ... 

.•.. 
.\ . 

:", .'. -"~ 

". 

. . 
"',.,: 

.:,:: 

, .. 
::.;;':: 

. ~.' 

.. 
" . 

" . . 

" .' 
'. . , 

.' : 

: .. 
..... 

., 
.1 

. , 
";'-. 

.,'. 

.' 
.'. , . • . , 

:., ., - ' . . 
. ,', ~ . ',. .' 

.' / . 

.' . ,', 

.'. 

, 

;' 

""', 

, , 

" " 

" ' 

, 

• 



" " 

'r"" .' ,: 

.. 

• 

. 

.. • 

.. 
1 

. , 

1 

,'!" 

• I 

, ',. • 
" 

",'", :',. , )," , 
. " 

. ,,' 
• 

, ' .. 
: . , 

, . 

T~BLE 11.3.·· . 

Upper, ,Side. Structure Loading 

I 

, 
• 

. 

AO. 

OD 
. .. 

PO 

oe, \' 

.AJ. 

-Cit ',-

, 

. ' 

~ .. 

• ., • . , 

,.' . 

:," 

, 
:, .. 

Load 

,. 

•. ~ 
i X 2 

(lba.) 

1710 

1.710. 
, 

'2910 

" 

,~ 

2910 " 

1600 , .. 

2560. 

' .. 
. ' 

I. 

" .. ' 
, . 

...:: . . . 

".1, 

, r.' 

" , , 
,T, 

c' -, ' 

. . 

T 

.1' 

T 

r 
.T 

T 

-. 
'T 

.~-~. 

• 

/, 
:; 

- , 
'~' 

, \ ~', .219· 

" • 

.. 

I 

, 

. . 

" 
. ,,' 

t 

• 

( 

.. 

.' 

, . 
-,,,, , 

,-

, .," 

! 

\ 

-.. 



.... 

" 

, . -:.:': , .'" , .' .' .. , .. . . 
.• > 

. \. . , ': "i ' 
',.' 

, . ... , 

. .',.' 

I , 
, .' . •• 

'. 

\' "'A" . .'.8'1' . . . . Cv 
"'1 'f f 

800. r------....... .....,r--'-----OS· , ;. 

.' . 
'. 

.' '0 

.. 800~·· ------....... ~--.-~ : .. 

" '" 
·1600 

., ..... 1280 
'. '., . t" '" " . . ,"', . . . 

8OO ...... ir-. ~--..... --~--....,. 

I • 

'.1 .' 
\ .. " .... "/ 
.. ' :/ 
" ~.'.' 

' .. ' , ./ .. 
, . - ". 

" ',. /' : ." . 

," .,-/' , 

'800 ___ , ....... '. 
.... ' 741 

.. ~. . ..... 

, 

" : 

?20 

.' . 

I I j. 

• 

AL.L LOADS 
t( POllNDS . 

.' I 

' . 

.' -'- . 

, . 

, . 

...... - ___ ----.---...... ____ ---.;.;;;',~. ---___ ---.0-...... '.' 

Plnlre' ,.nt up~1" S1deStructur.Aetual.~olldlnp' Baste Case 2 .... ',' 
, ". -... :.: . " '. . ".. .' 

Pl;.ure·II.2-:Up",er Side Structure'Ideall~ed 
", . 

... 

'" 
.: '.', 

.. :'." 

:"", '. 

;. ' .. " 

- •. # 
" . 

'., ' 

, . 
'). .'.. '.' . . J. 
.. ...... : ", .:" . 

• >,' 

' . .. 
• '.1 

" 

Load1n~ Ballic. Case .. 2 .... 
. . :., 

: .' 

'. ' , ' , . ' . 

.... , .; 
. ..... , 

J -.. ' " 
. . ,.'" 

. .,. . " ' , 

.' '-.":.' 



.... ,-
" , ' .. 

, "J 

' .. " / I . '.' ' .. " 

2i21. 
r 

Cl "'. 
" . 

., " .'" 
,-, . I". 

' •• ~, '! • , 
11.4.2 BUlc Case 12 

t' "', ,\ ' 

In this' cue' tht' run Wttlp;ht&t the. oCenter or, P:J,'av; ~Y Is 
, " • .' • ,', ' " , " ' ,~'. I ' I 

Ml'lblned,witb ath1.rtYAell;r~eUp'"ard!l In!!l1nat1on. 'The free . '.' , 
1 ~' 

body' d1a~rain'b 11lust:tiated by P1.p;lIre, 1I.2i· Co.ndltions· '.. . 

\ . 

./ 

.. 

, 

. ", .' , , '. ,,1.'\', 

s,lml~ar to the. previous sltuat10np~eva~~. A~a1nan.,ldeal1zed 
. ". . I .. 

situatlon.h Isolved.. Tlfoa loadl.~p; of this Ideailzat'1on'1a 

. shollnln Flp:ure4.2~. AsSUllll!1I('CV • o. tre 'force an~,ino)llent 

analyds c'an ·onceap;&J.n be pertprmed •. '., . 

'./ 

IF' -0 .... 
V .. . '. 

Av' + By •. 1600 

800 x 72 + ~.'x 12 - AV x 48,. O· 

. " 

Av-
/ 

.1280 . s>0unda .' 

. . 
SV·· 320 pounds 

The re1ult~ ;~r th~sell\e~ento be ~~~lYSed 1n this section. 

are also presented 1n t:able·.4. 3.~several members' }Sho.wn in . 

Pl(tUre 4.;'19 have no deis1~ struct ral ·t'unction'and are-~sed 

~nlYfo~t~.,u,s·lnte~ltY.· In ord r to IS lze thes~ members the 

decislon.was mac1etouse'asmuch coDunon .. sized . material as 
. . ..', ' ' ~ , 

oassible •.• · BOund-ar.y condltion,loadin,.. lias used to estimate . ~ , '" - . 
. '- , 

. 1r th~· I118terlal siz.,· vas satls.factory. 
o . 

• !' 

) , ,~ . 

1I~4. Under floor Stru~t~re LO~d1n6 ~nabs1~ 
,', ' ' .. , 

-\ 

, . . ' 

, . 
. ' 

, 

'" 

\ 

, . 

'" ' 

Th~·-unde~t.loojo ·~tru~t.ur~ can be divided into tvo majOr segmentaJ' 

One se~nt coru.iata' ot:alo~7t\ldln&1'tr\lss sYistemt-.s .1l1ust~at~ . 
. , . , ... 
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1n, F1gure "~2~~The,aeco~ aegment 1~. ~~de.u~o\:the t~anliverse t;"'s~ 
s1l1telll8. thllt; J.ol.n the .l0np;i~udlnal, .. t}:~~s In, flve pos~ tions, 

.the . tran~verse . tru~s donr1~urat1~-"';'is' :l'il'uilt~ated 'by Plgure 4,25, 
, ' '~ • I " ' ~ " .. I \ 

AII,:pre'v:loUslY st'te.d. the· 10n'lI:l tudlnal structure must be' ' 

· examl~edfor:th~ee support conditions,' The transverse s~ctlons 
h ; ... , ';, . '. . ~, .. ~ 

\ 
/ 

· must· be enmln~d Indl.vl(1ually a8thel?ad~ngc9rid1t10n ,Of 
: 

eac.h var1ell. :.... . . ' 't..'", .' 

, ... ~'''.' 

.. ' 
· loeat~d o~e' foot fo",8.~o·r·· t~horl zonta'l.ceflter~f gravl ty .. . . " , .' . 

posit1on of. the cabIn,·' This oenter or ,",llvlt:r poslt10n 
, ' ., ' . 

corresponds to~tatlon~nUmber five as .. shown ,In Plp;ure., 4',26, 
• ' , '. ,:, ... ' " , 'i 

. Inth1scontl~ratlon· ... t'he cab1n'w111'malntaln a .. horizontal· . 
. r" . ., " " , . " . . " , ' " • , " , _ 

, . 
· attltl,lde. ./ . 

. >Thl!welp'htprth~. ~at&'n.,aridi"ts ~~~10.d ,c~ be,spl1t ~ 
1 ntothr. ~~i".htc.tallorles· Hated ,1 ~''l,'ab ~e 4 ,~ ,These we Ip;ht's 

can" ~ow',be . d1strlbut'ed, over the' BeYen8t8t;~BsshoWn In. 
, 'i" ,:' ...., " ' ",' . 

)H~r~ "~'26°: ·~.d1si~lbUt10~Or t}le ~e1P;h4s 1s'~rbltrary as' 
, 

tar as the structural and. Dllvload' well1;hts 8.r~ concerned.. ' Only' 
,I , ..... '; '. . .,', ' , , . "', .,:...., .' ,-,~, . ,'" '. • j: f" , 

tl'lewe1~ht of the tuel lIIust ·be, sDec1fleally locatedln ,such 
.' '.. . " ." ,.' .' 

. . 

. , 

.-~. " , . 
, ,:, . 
... r 

. :. 

. " . r' ,~ , " ..... 

"lII8nr'ler:th.,.ttheeen1;~rorJr.i'avlt1·t)C)slt10n prevlousl1 specHled 
.' ", 

is .ttai~e,,~ .. Tbt' ."lOc'at1~n 'or these '"el~ht;s In. ~elatlon'to .the 

.' ~~n8Verse seet10nah'lI"'ow~·btF1~,~ ~;21.The lo~atlo~ Of . 
. .'. . . .: , ", ... ,:.:' '" " ' 

the 'ru~l' 1I1obta1necf. b.Y means or a mOlnent balance. Table" 4.5'.: 

• /l:lvea't~e,·~it~ai-;'~1~;tr.lb~u~n,br'.~helo~her:we1y.ht·Il~· U~1ng" 
,'." ' 

.•.. 1 
, '," 

,'" .' : 
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I. , 'Tab le II .• II " n' .. 
. Airshlp Load" Dlstrlbutio.n 

. englnes ' " 
outrlggers 

'pilots' (2) 
passengers (2).' 

above'rioor. 
structure 

, ,'below rtoCll' 
'structure . . .. ':' 

rIoorand ' 
'equlpment .01"1 
. rIoor ..• I 

tu~l 
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TABLE II .5 
" . 

" 

, , 

' . 

, , 

,22,,7 
, / 

. .'. . . , . 
LOa4 Distribution on Underfloor StrUcture 

1 ',. • .. , 

, , .. 
We1gbts-

. -
Categ9r ,' on Station nbs ~ ) . ·r . 

~ 
, 

• - 1 2 3 5 . 6 

Above' floor, , , ; 

118, 
, 

118 118 litructure 118 
" 

.. 
Below 

, 
t'looi' ' 

litructure 22 .. 23 23 , 23 23 ' 23 
,~' 

" , . , . 
0 , " . 

"1001" " 
. .. .'2'0 113 / '113 "3 113 65 equ1pl'ient 

. , 

G Pilots (2) " 200 
" , . 

" - .. .. ... -. .. , ' 

'Pasaengers 
, 

, , , .. 100 .. 100 , 
, -,;' . " " 

Engines, 
, - 132 68 

oUtrlgcers ' , 
I 2'0- 30 " 

, .. ' , 

, .. ' . 
, , , " , ' .. 

Sub Total, , - .. : 90' .266 2111 66 ',266' 33" 
" .. /' , 

, , .. ~ 
• ' , 

" . , .. , 

(used' , f' 
20 P.uel ',' 

as Bal. Vt.,) ," • , -, . 
" . .. . , 

,- " 

Total 90 266 "2l'l 66 266 35" , 
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229 . 
',. 

• tMeo •• • 0 
\ 

ecw . " ew 
90 x 99 • 8910 266 x 12 - 3192 

. 26Q X: 18 - 2137118 3",11 'X 42 Ii ''i~028 
2111 x 118 ,- lo-n2 114 x 67 - 1618 -
66 it· 18 .- n88 

• 
41n8 24858 
, .. 

. :. n~t moment • 1'6260 
• 

', •• the ruel welftht mUllt be'd18trlbuted between statIons 
( . . , 

6 and 1~ so as. to pr'oducea .Cio'ckw-lse ~dment' of' 16269. 

• 230 x 61 - 15410 
.. ' -20 x 42- 8110 

16250 

:. !I.t :statlon 6 'add 20' p<?unds 
. . ', 

.. . 

" 

.... 

at station 7 acid 2)0 Dounda - " 
\ • I 

1 " 1 
The total welf!;ht. actl~r. at each station after. the fuel, 

~. '. 
we1p'ht allocat10n. 1II.al1So dVe,,!" Table ".5. .The landlnp; .. 

. ~ar arranp'ement Is. 1l1Ufttrated by Phure U~28'.It should 

-sense 10 

that not all ,tM 'weI~hts sho~~ act 1n the vertical 
.' '. ' • ,.' oq' . 

real1ty and hence some of the ·stat,1ons- have a Jjorl- : 

be -noted 

. . 
v 

. 

I. 

. have thus b'een Ilmored; 'Ttle reaetlonforce"s, t~atthe land1ng 
-../' ,.' 

• 
~ar aJ)nl1eilllt statIons " and 5, can now be obt·alned. 

I 

R;rerliu; to Pl~re4~28'a rot-ce and .moment'b-alance must 
'. . ,~ .. be obt·a1ned.· : .' 
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t1' .'0 J •. 

~~ y " 
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. : '0 
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. Co""b~ n1.I'),rthese' YRluelJ "'J~h~t'M l~lld,lfl,rnpC).sedcin each 
,.' '" \ " .... . ' '-----: 

. stllt-l0.ri"a; ishillr'r~rQe' 418irram~'~1S,1 ii1,l!ltr~t~d bY:Pl~ure '-4.-'~ ..... 29-.. :· 
. • " ' -' .' . , , ~ I , . '.' 

.: 

,./' . nllY beB~t:8.1ned.~.'J:h~b'~nd inlt~o~nt " 1.n . 1~Ch ,pounds .,at . any 
.' g' ;',' " '. .' I •. ' •••.• , " •. ,', . .'> ... ', .,'. ", " .' .. " , " ",:. 
point· aJonp;,tlie' structure.mav, be ,deser1.bed bv: 

, .' '., ". " - " . -" . 

,':,: M· 31t'lx.~· 3SIl (x-25.> .. 266(x~55} 
. , 

. '. , :··',-'960(~~5~(.'66(lC";~5{ ;"dQ(~;"85) 
• '. />' ' • • " ',' ," ' •• ',.- ,~. ' . 

' .. ~211J(X-llS}+2'6~(x-H5) +. 90(JC~166'), 
, , ,- , . ~. , '.' . ' -, , . :' , '.'. " .." . I, . .' " • 

. : ... ', '. .' __ ", . .' ~.: _, " ,.,'. ,'. ,_. '.: . ',' -' i 
where, x fa·: the'd1lJtancp.,'o!', the' load' rrQriI thC'lonp:1tud1'nal 

, .' "".'. .... . .. '.. - . '. . '. ~ . .'. '.'; . . . - -', - . . '" " . -.\ . ~., ,....' . - .' . ; . " . . 
cente.r';or ,",~VitY'Po~1t1~n and' 1.r(X'::'lt)~~ then' Cx-y)· 0.> 
. .."..-': ..... _ .' - '. ", .' ': .... , . \':.~ . . __ ' :- " ,: I... .' .7 .. • ',' . 

. ,rhe~e~u,lt1.·nP!tSend1nR'!. r.tol'!~ntdlap:rlll!1 ·.1sdescrlb-ed b? Fh:ure 4.30. 

U~ 1 ~Ir., the belidi~~l'Ioriientt d1a.r:raM .. Artdthe' sMarror~e d1,a~rani.· 
th;lo~dS~~:~he,' ~~b~rl!::Ma~b~,de~~rn1ned'. ,The~~·lo~d.~3ne . 
~ v!!n1n.'l'ablell~6.rlC)1:e that i\,saretvractor.of two IMs been 
",," '. ""':·'1':· '.';~:" .,':., .,,:' ":-•. ,~'"" _,.,' ....... " ....• ' " ,:~, ,'.. . ..... , •. : .. 0·' .... , 

·Jnco",or8ted·wh~n·r.iov1nlt fro!'! thestllt1.c.load.1:Q the ,des1p;n " . . '.' .'. ",.' . . . . . . ':' ,.' .' . 

. l~a~~ . Thill> exc·t!l:dstM.s~rety· f'llct.()r .or i ,5', ~tiqt .1~sbecl.ped, 

. ·1n thea1io~thl~e~a re~u1'~e~~tlir3 J 0:'" 

.. . . .. " . 
• ~ .... ,. • ••• ~. ." •••• • '. :' •• r •• >~. .~ .. ". 

. .. ~ 

. ' 
.' 

..... 

'. ~~~:~?LOIUli.1t~dlM~·'!'fu~~ St~et~re St!'tl~ Ciistored.Condltlon ',.: 
.' ":.~' .... "." ..... : ........ : .•.. .'.'.< •• : ... :;.:'.~ ...... , ... ~ ...... ..' ,'J' 

.' .. 

.... " , . Por purp08,es':or, ,found ~ovt!ine~t"henncit~ttl\~hed to the ' .. ' 

'. . f;~ve lo~~ :' ·thIL~~b~n:·'b::ntt~d.~ ~tllremo~ab le,~~s t o,rosa t; s'tat' 1 d~s"'· ,. . 

2~ ~nd6.,~~~~~.n1~~.-:ih;'lOlld1h~s:~s~r.~~e~ irl·the~u·ev1o~~,', . , .. 
. . . , .~~ '.' .~.,>".:\~. ,:: '~:'''''' .",.-- ~ ' .. >. :'" '. '.: ~;. ,:, ", . "" .'. . .;' . '.' ,.' ,.' ." , 

. llMlySll1.':then:the ·Miictloils'atehe·:cfa5tiors:clln~becalcu.lated . 
. .-! .. ~ ......... ; : , .. ~ .. ", .. '<~.~~ '" ;.> ,',,'., ,', ': ." ... , ... "'(; ..... '. :.' .. ', -,.' . " .\.:,,~:.,,< ,: 

,bY"ll!C8nll of Ii rorce llM moment: balance ~to, be, . , " " "" .' 

• ' I ", " • . ' : :.'~. ,I. '.: • ' ,,;, ' ...... ' '.' .. ' .. '" : .. >,:' "',. ! .... ...., 
•. '. • • ," • " • ;. '. .. • ,I' • . '. " '. 
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