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Thoduckion

© Fores connot be seen . bk e elecls of Jores con be seew o undershood -

- No mober haw geod Acedyomics andy propuleiow, if the \ekele doesrit Shuckirally hold, Hogether. ai % b nauget
- The Shueluve decgn of an diphue T an inhiate oHawemed of W¥us Shuckial elemerts
Fundowenlals o Sotrd, wechavics
© A shiby o Shackne T btk upon He scewe of Solid medontcs
@) Shess
© Whew aw eddemnal foce & apphed 4o Hhe solid,, e Shape o siie of He solid dewds to chonge
however, the wmoledes & the Solid, wedaial ( lbemg locked, Jogelter by levmoleador force ) vecrot

His Change ™ Hhe fom of an Tlenal e

Shess

Ao
- Thee ave three goneral Closces o Shess Compession > [ DeF
Tewslon Fe(——_—_—D~F

Shear AF
i

F

T be moe saiPe abud @wpession .
- Qucider o vod with ow edewal foe F imposeds on ome end,.
- The fae ods i a dieckion indo the Yod-

- For Hhe vod 4o tewedy W ggunrbrium , Hhere mush be an Ggual and oppsie e F on e ober end.

- By the defviion, Compession Shess = %
- Note Mt 5
- Compiession ond, dengion ave ocking perpendiabt 4o Hhe Closs-sectiond ain (A).
- Shent Shess is acking laugeuk.lé’ 4o the Closs - Secbomd. aren .
- Olher s
- when the contieier beom % bork apusrds by an opplied lood F,
- lr fﬂnhpm-pomapemsaampmsfve&h&s

The bollom Suoce eerenes a Jenston Shess

ThE Junchre must be able 4o hondle Hhese Shessas as wen as +he shan ghess of +he wal.
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- Thetmal Shess ( mpHack +o Symaic / hypersaic desigo)

. Assume Fhat heat 7 added: .
B T
= l E when Hhe mederial gets worme-, Tis Volime exponds .
teritg However, Hhele Ts 1o Yoom For 7 Jo move b«n&%lﬂml’sﬂayys—k&hﬂm-&h-}mmﬂs.

bs o resuk. 4 owpesiie chess & mdiced  Jhe waeTal to produce a shain ot el e Jhehwal Expansion

b) Shess - Sham cove
© The come s unigue For each woledal onds Hhe cuve veveal oy B Hhe paperiies of a moleral .

ik an, lebs defie shess b=t
e Fe [___DD~F
Shaw : ¢ = 2t ——
Z w2
( whee inelaglic Yegiow EM\A’& begme
Shess Yieth shess Ubfnade Shess. (e Fighest Ghess b ket caw wihslond) when +the chess ok ok poidk i Hics vegion , Hhe wolerial relums
(8) phopsronal IT:# / v . whee A= Eloste Yowge A +o s v Shoge. Thee T 1o W shwoaal ‘1““‘“99
P Tanofe— /" 2 N plskz tegon N tocloe B = Tneloshc vonge
3.,‘;2 - E (toug's module) © rowed o gt wate 4 ) L whew i Mt Yegon . the waferial docerit valuw o Hs Vel Shope .
Symmehic :
Lo compression A<——8 The anstides pemanedt Shucknal dowage
y  Shein (€)
. Brttle > o phsiic 1egion
c) Fa*t‘gue

Common experience shows +hek whew yow bend o prece of mekel bock ondy R enwgh Hives , 7 Wi bheok.

* For ancaMh, Unos clemedks ave \epedtedly being bent back and forth by he changing loads on the Shuckure.
eq. The wing s kerk upword by the hgh (M lond ok fakeolP and i Hen bent doomuord) upow landig by

Hhe weigid o the wing aller dhe I 5 veduced Jo essadially Zeo-
The pedichion o Jhe Pobgue e B Unious componads T thal T the desigu of ancall.

V-1 diagiom

© To begiv with, why & v-n diogiom vecessauy ?
- To design aficalt shuckne. we need 4o know what are loads that Wil be imposeds on Hhe ancral.

- The digum defves the Shength fwdtation of aficaPt.
* Basieally, Yhe diogam T used T erther Conephal ok Very eoly pielimiany decign process.

- Nole $hak 5

- Tuewy aicalt hes et own vercin o U-n digiom .

- The diagiam owly oddesses loods T +he verial plave of Symmeky o aTicialt.
ok nessan)

- oo # you hwe ome aioeP, v-n diigiom wi be difbed T yuu change o geomelny , 7.c. Pop down.
b dmmtawa udt bo dilbhad D Al z

Crme Mm dmsacs sirar Lamalnd  amenaad
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- Beo # you hwe me anceP, v-n diigiom wi be diffed T yuu change o geomeluy , 7.e. Pop down.
- St Jhe dinglam uses Zguialed anspeed, e dagiom wn be difloed T adiude & Changed.
é ﬁ=ﬂsen-leue|

© Iw order o dhaw Ahe v-n diagm. we need 4o define drlloadt defiirtimg of atspeed.

$. Shchwe ( vile eclae 1etrew = 2017 )

© Do bohon Shueie anelis ands dasiw

P Iv oy, we wil vl shess and, o okl 5 haveien e datl Ko whal's
96vg on 7, dedgw. T desige, we ol hve do Pome aet Hoe vl v smve chieclves

- Vs o angmd, ek )

@) UGy pHekJube, He didlaane behveen Hhe dymamz: and, Slefie pessuie & used, +o
delwine e Wdcaed, atvspeed, (TAS )

T.e. Pesifon Mol

L) Howeter, the Wdiaded, anepeet & ok ks cowpeldly acziate. B ave oflew
Whodiced. by e deci, of e weasting Tehumeoks . Ahagly these enols ale
Wil swail, womdchyers pode an ageed, ltbekos chat Dy ek
aicalt Jo Ot Hue enors. The chart allax o aludele He Gilrbialed,
aivspeed, CcAs).

) M»moﬁemmmye&mkmwme‘“:ww
Lrie Mﬁom&,wmywﬁywmmso be azmded, B ugng
aw ofigpeed, Matow churt . mm&oﬁ%m&MWM(W)

L 1} will be Used
Do the diagram

d)ﬂt#ﬁn\s«m*ewrshabom&mhsﬂy. THR densTy ebiok- e be
CoMecled, P Jhe prio Knows the olwosporic denciy of e pane's coviad atbide.

one derily m.%qmm@wmum%mw
e) Vg, B we acoud P e wid +o TAS, we wil howe do Tckode s (TAS)

” Ghound) SpeeaL"
© T com be delwimed, by he vecls Swn o the anaaP's e angped and M oot wind speed nd dnectn.
. O o —wnd oMs - Ground = 30 Ms
. e 0"0‘“(\2_,;) 7 - il ’ (lebs say @ s cerled by anicalt A ve)

smallest i tadius / Wiahest 4o vate  Aordig +o FAR . we spectly Some qust [t 4o Vo poick, which, & diffeed gush fie Ry Ve

)

Hene, ey
Ditwre D o lenst e Snds hove diibask Shpe .

Ml Lo N , e tma ol Ika eliwalaa wncl he ako dn Fr e =1

~ Lebs dvaw Hhe v dagiam.

et load Dok ¥ Pelor . The Shuclue wusk be able to Suppot UHinate loods withadk

(i 7 desgn chuie V-5 guodr) («
@ Thes, we may wnﬂ—’wpﬁﬂ

[AC LR | C Ao |

posiiie Hmade |
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. 1he SHUGHIE WUSH be (e 1o SUpboit UHimate loods Withadt

(i 7 desggn chuise V- & guodr) Hone, Hhey
@Thus,wemadeH-‘v”ﬂ -PATlme -D»—m" least Hree Sxonds MJMSWO.
with, s speed, Posstie uinale | ( 7z Vit lood, the Shwcluie wust be abedo (T IRes weie Jish
e U Bl o Support H withoick awy delvmakTon ) Guucled )
N o s .ﬁ:jaJVc (J!weml"guer «4\53eu“3
w
5 (Knoww as load )
Cord Bebd| 4 et Y maneuioig load fcor € ke ek st
achell, we o ot SV / loads con be also Geneiaded UniHentinetly by e gust
Bodis vy B | Joodyanc it D08 e e . > The Mk gust & edended, w7 Tierseeks 4o Ve e
. ¢ Comax Ts %e opet T Sody-lve gk
(wmm@ | ™e (n=1) L - Ve aﬂ (Fr move dedotl, See below )
3 Design CWEe | The ighest sk M
Shil <]
a\ea,/' ; Vo e e bl ’ High - Speecl (it Cak lensh, 1.2 % Umax of oficdad} )
- N ) Poen=-1p \ ¢ o
3 . _ o+ Vp SFEJ-)
L Us —~ @ e JZ\A Ve (Eﬂ,.—.,,,h,} airspeed) , knoks  : EAS T usually vsed odler Hhan TAS
Slole Bom  © !
n=| which i Vet 1 %e /\_, = Qymmsl:' i, Vsth\=Us™ haclual Jmaﬂe 5 The ot load, Jefa/uls ow +he dynowTc pressare (§w)-
(ol ) o men - ens 7 used P Shuckeal desn bemice G dossrt
boed ov - b/ — - ) Qe ) o EAS s used v W e
He st lood, /s.lanam Comin T+ w) be changed; as 4ype o afcal} i changed depond, on e owlade
ik falin ~— = e e Umoneuer = ﬂs i 7 hos /s A pelfed wing loadig )
(e bebio) : Negakie (Wirt waneurig oot fhclot (@Pfﬂ'lﬁ -1.g2) . = Pl
v CHATee
(‘L.m % aas gordes IJjup woe forder loazded- Lo = L
\ : n= m‘,mu-.sa v : Jess Sfpe wkd. 0 (orTuacE[;L) fv:'l'weﬂ'ﬁvﬂ"l
L= Eﬂ Uu SCmx = WW o Gt v.:w&w
& ook alvspeed) — n= L Auast o U’
Uer ( Eguivol v = o- = — w SG.max W o
Ef“ Pea SQwas aw oP Mo-p would he.Somew\re\e Ve
delape Up?  €9- 1:5% Vo = Vhudter
The mpact of Gueks How would) yow e Up g- 15xVp
1 Do expeviment +o delermine UPuHer

© Conciler an aivcioft @ shendy ond lewel Pight ;

; whae Uu = Ve [y V-n JTogldm

L=W = 5PuleSC

L
e P
W
© leks Say the oTplave enawnlers 4 veHil gust o Speed .
> The chonges the onge of odlack with an owowd Ad and e [ aelerd by ace.

A~

u
Ve oY P smi ad

)

2d = 40w ()

b

Ve — 5 Hee,

a0 ZTU

we ave os.smn'vﬂ W <<< Vg

+ Then, the et 1} generled, dug the gust encouner,

D L= w A clendy - el Mgl
TI' VE

- Subekhde AG o Liet Guation,
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) Vp 015 wowd, be delewed by FAA fi solbly v

Lt = Lpules (G +aG)
= JalesG + Laves a6
= W+ Samrs s
1 L 3P ue assume e opeialn & T e fiear legion o Hhe i} -cuve,
A} Wi ot
c
(ot Hik ok She gueb) e ; %‘ =27 & sas f}%mﬂ
ad
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Lt = W+ gale’s () 5 whie Lt = Netw

-l)u’w’du’njbyw, we hawe ;

Mt = | + _i—/u;‘/g(%)UVE i we aw sy Moot = the guet load. Pocler

bk a st Y= akt) (65 a wiews, y waaws)

~ In conclusion »
- hquh) & ey poporenal o Ve (- Thet & why we dvew Jhe e )
> loge load DBclas may oan @ Pung Pt & guet andbin.
- The Waomenlal lood Pk due +o qusks dedeoses wHh Taence  wig looding.
> Al elee being Gl (eg. /o) buk aliplanes with Wigher wing leadiiq ave less Sonsiive 4o qus
4 Boller vide QualFly
Mock qual with Grada,

“ Diw  Shess - shat anve for both Biiile and, Dudie
J & 1 7 swelhing eldded Jo phstic defimetBr

T s someliiig -1Tke b)akl'ma Mmedmelj withoukdelormakion,

A Briile
Duckiie

V-1 diagiam dawing clep by Slep ( Prb Gonman )

V-n Diagram

Vy - Design Dive Speed
- Upper boundary of V-n diagram speeds
- Airplane must be free of flutter, control reversal, and divergence at
speeds up to 1.2 'V,
- Value defined by regulation

Load Factor, n
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V-n Diagram

n, - Positive Limit Maneuvering Load Factor

b Defined by regulation
- Typically 3.8 for a normal category airplane under FAR Part 23

=
iy

Load Factor, n

V-n Diagram

n. - Negative Limit Maneuvering Load Factor
- Defined by regulation as a fraction of +n
- For a normal category airplane under FAR Part 23, n.=-0.4 n,; for

our example case, n, =-1.52

3
+

Load Factor, n

=

Fixed Wing Design Page 6



V-n Diagram

22

My

1
ax — ﬁ pSLVE2 SCL.Ma:

3

+

Load Factor, n

=]

V-n Diagram

24

=
+

Load Factor, n

=
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26

V-n Diagram

3

+

- n+=

Load Factor, n

=

V-n Diagram

27

A similar set of curves can be generated for the negative values of the load
factor. Since the minimum value of C, C, ,,,, is negative and usually
smaller in absolute magnitude than C_,,,,. The later observation then
leads to the conclusion that Vg, < V.

=

+

Load Factor, n

=
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35

V-n Diagram

Additional gust velocities, U, are defined that must be sustained at
speeds up to V!

n+
c
S Ve Vo
% e
L
=]
g Ve
-l
O
- 356
V-n Diagram
n+ . - i — .-E_M'"“—.—
c
s Y V
-g ] C D
u ]
E Ve
= |
n._ e ——

Every airplane will have its own V-n diagram, they are not generic!
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