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DEPARTMENT OF AERONAUTICAL ENGINEERING i

Subject; Aircraft Structures - _ Modet Test
Class : B.E. (Aero) V Semester
Answer all the questions
Part - A {2 X 10 = 20 marks)

Explain unsymmetrical bending with examples.
Define Neutral axis and Neutral plane.
Define shear centre and locate shear centre for channe! section.
Sketch shear stress variation across depth for an |-Section.
State Bredt — batho assumpfions,
A thin walled circular tube subject fo a torque T. Show that T = 2Aq, where g is the shear flow and A is the
enclosed area.
_ What is a shear resistant web.
Explain various methods used to compute the crippling stress.
. State the advantage of having a semi cantilever type of wing construction.
0. Give examples of moncoque and semi monocoque structure.

GO AW

™

-"CO_CO

Part -B (5§ X16 = 80 marks)

11.(a) Compute bending stresses at the points A,B and C of section shown in Fig.1. My = 5000 Nmm and
Mx = 0 Nmm, All dimensions are in mm. Thickness is uniform and the moment applied about centroidal
axes xand y. '

=16 —

I

Or

11. (b) Compute bending stresses at the points 1,2,3.4,5,6,7.8 of the section shown in Fig.2. My = 500 Nmm
and Mx = 100 Nmm. All dimensions are in mm. Thickness is uniform and the moment applied about

k— 20 ~—sf— 30—

|
~—4!L-- :

centroidal axes x and v. Fig.2

=}

23\



12 () Determine the shear flow and shear centre for the section shown in Fig.3. The section is subjected
{o a vertical load of 5000 N. '

Or
12 (b) Determine the shear flow and shear centre for the section shown in Fig.4

1000 N
I

J_ 7% d @ —T—
I H {
asR s0

i
i
H
]
i

““-—-@, L T e p s iy .cé
30 - - !

All dimensions are In mm
Area of stringer a, b, ¢, d = Bmm**2

Fig.4
13. (a) Determine the shear flow and shear centre for the section in Fig.5

1000 N

fessk ez ]

-

r

—A2 8. 30

30

All dimensions are in mm
Fig.5
Or

13. (b) Find the shear flow and twist per unit Jength of the two cell structure shown Fig.6. The material used is
Aluminium with E= 70 GPa and poisson’s ratio = 0.3 Torque is 75 KN-mim in clockwise direction.

|<m 30 cm .—-_.)LWSU cm-—-—>!

30 cm

Thickness is Imm

Fig.6

14, {a) Explain the Needham and Gerard method of crippling strength calculation with exampies.

93



Or

14. (b) State the differences between shear resistant web and complete tension field web, What purpose
vertical stiffeners serve in case of these webs.

15.(a) List down various components of a typical aircraft wing and explain the use of each component. Draw a
shear force and bending moment diagram for semi cantilever beam with Uniform distribution Load.

Or
15. (b) Write short notes on any four of the following.
i) Semi monocogue structure
iy Bulk heads
iif) List three functions of fuselage bulk head
i} List three functions of the rear spar
v)Sermni tension field beam

vi) Explain the advantage of using semi cantilever type wing. i



Box Beams

Fig. 8.2.2 Torque around a Closed Section

The moment of the force qxds about any arbitacy selected point (reference point ‘0") is the product
of the force and the moment arm, h. Since the term of ds X h (segment area) is twice the area of the
shaded triangle, and summing all torque and triangles around the section,

Torque: M,=q X2A Eg. 822
oM, Eq.8.2.3
or Shear flow: g =

where: A - Enclosed area along the entire perimeter

Such a uniform torsional shear flow applied to the end of a closed section structure develops
constant reacting shear flows in the full structure identical to those developed in single flat panels
by in-plane loads as discussed in Chapter 6.0.

{B) TORSION OF CELLULAR SECTIONS

Analysis of single-cell structures subjected to torsion has already been discussed, They could be
analyzed in a straight forward manner by consideration of static load (e.g., equilibrium) alone.
With multi-cell sections this is not possible and as in the indeterminate (redundant} structures
already discussed, both equilibrium and compatibility have to be considered to develop enough
relationships to evaluate all the unknowns (see References 8.6 and 8.7 for further information).

Fig. 8.2.3 shows a cellular section subjected to a torque, M,. Consider the element a-b-c-d
subjected to a shear flow, g, due to the torque. Let & be the deflection due to the shear flow, and
the strain energy stored in the element is given as: :

From the strain energy equation:.

JU = Force X displacement  qds 8
2 - 2

Shear strain in element = y ===

g™ G berunit length

where f,. = shear stress due to torsion =~tq~ (q is shear flow and t is thickness)

227
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Chapter 8.0

O B R il B S R

b ”
//'!
a’g le
A B t
dl
M, g
D C

Fig. 8.2.3 Twist of Single Cell

M,

Also Q=53
e 9 My
G Gt 2AGt

where: A = Enclosed area of the box A-B-C-D
Strain energy:
qods
2

M, M,
e o lox,

dU =

2

= (gaiGr 98

Total strain energy:

M 2
U= ﬁ(WSAzat)dS

M/}  ds
=( BA’G)SG t -
where 99—%5— is the line integral and is the integral of the expression ds around the cell. If web

{

thickness is constant for each wall, 55-%5» is the summation of the ratio of wall length to wall
thickness for the cell.

Using Castigliano’s Theorem, the twist angle ‘0" will be obtained by:

228
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Box Beams
M} . .ds

su G
M, = oM,

0=

q 2A
auxicv)“S

- ds
=(~—~“2AG)§ Gl

The above expression has been derived from a unit length of the box. The twist over the entire
length, L, of the box will therefore be obtained by:

L ds

The above equation can be rewritten for a single section as below:

ant, ML
(ZAG)(ZA)( RN
where: gf;gé—& (From Eq. 6.8.4)
My
Q=75 (From Eq. 8.2.3)

Consider the two cell structure shown in Fig. 8.2.4 and let q. be the shear flow on the free walls of
cell 1 and g, the shear flow for the free walls of cell 2.

N - —— gt e
Fig. 8.2.4 Shear Flow Distribution of Two-Cell Box
Torsional moment in terms of internal shear flow;
Taking moment of shear flow about a joining point 0’,
My =2 (A + Aa) + 20280 — 2¢: A0,
= 2qi A A2 An + 2@ As — 203 A0
2 2010 +2q1Age + 2q282 — 2{q - q2)Ax,

= ?.CLA; +2qZA1
When a given torque is applied to the multi-cell box beam, consideration of equilibrivm requires that
M, =% 2qA) Eq.8.24

The moment of internal shears for a multi-cell box structure is equal to the sum of twice the area
of each cell multiplied by the shear flow in its free walls.

If g, is the shear flow in the common wall, then for equilibrium:

Q= —

229
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Chapter 8.0

Also condition of compatibility requires that the twist of all the cells must be the same, i.c.

ZAG)Sﬁ Eq.8.2.5

Combining of Eq. 8.2.4 and Eq. 8.2.5 to obtain the values qin and g;

...... g.and 8 in a multi-cell
box structure.

Example:

Determine shear flows in all walls as shown below;

t = .05 in. t = .05 in.
1 (o> 1
10 in. (= 1in t=.11in ‘t=.}in.
_L Cell 1 Cell 2 @ 10106 in.-Ibs.
. t=05in._, t=05in

Assume the shear flow in cell 1 is q, and in cell 2 is q,. Their angles of rotation are:

0 = ﬁ—G)sﬁ X
266, = {IOXIO)E n( 01(())5'*(;01 01005) ((I)f)l)]
2(36.=6q.—
2. A T
260,= (b oyl e 19, 12, 01) ()
2Gﬁzﬁ(“é_)(}2‘*(€')ch
But 8,=0,
60:-a: = - a,
= (40)511 Fa- 4)

Also for equilibrium;

M, =2A.q: + 240,

10° = 200q, + 240q; Eq. (B)
Solve Eq. (A) and Eq. (B), obtain: .

q1 = 2,242 tbs.fin.; q.=2,298 lbs.fin.

Qu=q—qr=~56 Ibs.fin,

230
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Box Beams

Final loading;

2,242 Ibs./in. 2,298 lbs./in.

g v

2,242 Ibs./in. 56 1bs.fin. 2,298 Ibs.fin,
w———— — S,
2,242 ibs./in. 2,298 1bs.fin.

(C) SHEAR CENTER

The shear center for any beam bending becomes a main reference point for both shear and torsion
loading. Since the torsional stiffness and strength of an open section is quite small, it is
recommended to keep the applied load at or close to the shear center as shown in Fig. 8.2.5 and for
any segments of shell structures, the following rules should be kept in mind:

* The applied load acts parallel to a straight line connecting the centroids of the two
adjacent flanges (or stringers)

*+ Passes through the shear center a distance ¢ = —gﬁd}i from this straight line.

* Has the magnitude =q h

The shear center for open cells is located by maintaining rotational equilibrium between the
applied load and reactive web shear flows.

©

Fig. 8.2.5 Shear Center of Three Open Shell Sections

The familiar D section, shown in Fig. 8.2.6, which is a part of a nose section of an airfoil, is used
for ailerons, elevators, rudder, flaps, etc., on general aviation and small aircraft airframes. The D-
section may be considered a combination of a beam and a torsion box. Since this closed cell is
stable under bending and torsion loads, a different procedure is required:

231
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Chapter 8.0

P. — Resultant of shear flow
on nose skin }

P.— Resultant of shear flow on
vertical web

I
I
|
|

O
R
. [«—--—cm_-blt—-d—mh

Fig. 8.2.6 Shear Center of a D-Cell Section

D-CELL WITH TWO-STRINGERS SECTION:
Assumptions

(a) Bending moment is taken by beam stringers only:

The vertical load, P,, must act parallel to the vertical web of the D-cell beam

There can be no component of load in any other direction since there is vo su
to resist it

* ngey

(b} Torsion moment is taken by the cell (the shear flows are carried by both the nose skin
and vertical web).

(¢) The total shear load acting on the cell may be resolved into two comji o

* The shear load P, acting in the web plane ‘
* The shear load P, in the forward or aft skin acting at the shear cente: o

the wenhing
From static:
%F,=0; P,=-P,-P,
EMWEO: Pldzpncu . Pg'-:—-[)cl—-
. _2A, _Pdh
Since e, = v then, P, = oA
] - P.dh dh
Therefore, P,=-Pp, .- W—A., =-P(l + _2A..
B N 1 g 8.2.6
Also, o ==y :
P 1, d T, §.7.7
qu = 0 P‘(h+2A.,
With the skin and web thickness known, the shear stresses are:
Shear stress in nose skin: fun = %5'-

Shear stress in vertical web: f,., =%

W
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o | MODEL QUESTION PAPER
;@ - | B.E. AERONAUTICAL ENGINEERING, , VI SEMESTER
=) AE341 - AIRCRAFT STRUCTURES - II
D TIME - 3 Hours MAXIMUM : 100 Marks
L : : _PARTA - (10 X 2 = 20 Marks)
| * ANSWER ALL QUESTIONS o

A Define shear centre |
2..  Giveasketch of a thin-walled angle section and mark the shear centre location for
the same.
State S.I Units for (a) shear flow, (b) shear modulus
State the Bredt - Batho formula and list the assumptions involved.
A thin- walled smgle cell tube is subject to torsion. Derive an expression for shear
plow in the walls of the tube. -
Briefly write about the concept of lumping of cross - sections.
For a structure which carries primarily bending loads? : -
~ whyarel- sections preferred over other cross-sections? .
i What is a wagner beam?
. W}!gat arg mmctures?
., List2 functions of an éircraﬁ rib.

PART B (5 X 16 =80 Marks)

- B;iné out the differences between :
Symmetrical and unsymmetrical bending 4

What re principal axes of inertia? 2

A bending moment of 3000 Nim is 10
applied to the cross - - section shown in Figure 1

~ at an angle of 30 to the vertical y-ams such thiat

Mx and My bogx.- Dpaduce tensmn in the positive x-y quadrant.




100 cm
B A
F
E
125 cm
N ol R
/ 10cm
Ct D
I

" 10 emt

12(a} For the section shown in Figure 2(a), determine the shear centre location.

Figure |

A,B,CD=2¢em’
e v

10}em

B

25 cm

D 20cm

G

Figure 2(a)

12(b) A vertical load of IOOON is apphed to the Section mdlcated in Flgure 20b)inthe
positive - y direction. Plot the shear flow distribution. 16

<

100"_1 LB

"E B

T=1mm

for all webs |

F

20 cm

10 cm

Figuré 2(b)
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- . BE/BTech. DEGREE EXAMINATION, Ap

Sixth Semester

Aeronautical Engineering

AR 341 — AIRCRAFT S‘I‘RUCTURES -

~Answer ALL questmlié.

1
Y 7
3

Deﬁne N eutral axis and ¢ give an expressmn to determirie lt

ﬁ ‘ Deﬁne Shear center,

M

ark shear center for thin walled (a) equal angle sectmn (b)JI‘-sectmn.

‘Sketch shear StrESb variation across depth for an I-section,

o T

o ‘Give any one moment of i inertia for a thin walled I

-section with thickness ¢ and -
flange width = web height = 4, '

':Sketch Bucklmg modes of a plate in (a) Compressxon (b) Shear.
What is eﬁ'ectxve w:dth" 1

PAR’I‘ B.— (6 x 16 = 80 marks)

Denve an expression for shear ﬂow in-an open tube
N and modzfy this g;gpggss:on for a closed tube.

A s id

) An equal angle section mth side 20 em thlckness 2 em is subjected to _
" ;moments M, =20kN-m and’ M,

= I5KNT m Find the max.tmum
o tensale . and. compresswe stresses.

Or

Dgte’rmine the direct stress' distribution in g thin-walled 2. -section
d}lced by a positive bending moment M,. Height of the section = &

Loan Jflange width = hf2, o



{a)

0 cm

...::::l%:jmm
e 5 o0 ] .

1e
i

Fig. 1

Or

(b}

(a)

1
(8) J

(% @1




(b)
15, {a)
o (b} .

- P =P, =5000N, Uniform skin thickness =

Check whether the box beam shown in Fi

withou! buckling and also find the Margin of Safety. Given

= 1.5 mm. Area of each

stringer = 2 e¢m2 Assume skin is effective in bending. For a/b =2,
K. =5 K,=65.

.,

bkl

. . _
/ iy R FY

. k~15cm->-}<—15cm-a{

Flg 3 ‘
?\plam the pnncxple of Semi-Tension field beam and find an expression
or
(i} Web stlffener load. | ‘
(ii) Flange axial load ‘
: T Or
Find the ghear shear flow. and G twist per unit Iength of the two zell structure

shown in Flg 4. Th

e materia] used is Aluminivm with £ = 0 CPs s and
Poisson’s ratio == (.3,

_ i T=T5kN - e
7 f T
1 mm € 1mm ;E
2 mm L5 mm ——9<—- o
l'nll-u : -l mm l
,%-m—- 25 em e 25 e ———-)f )
Fig.4

g 3 will mthstand the load

S HZes.

[
i



Indicate how Von Karman's effective;width is ¢

e .

A mp &1 Engineering :

URORAFT STRUCTURES ~ 11
| | Maximum : 100 marks

1 Answer ALL questions. f

TA — (10 x 2 = 20 mavks)

How do you determine the order of

: ta;i"d by unsymimetrical bending? Explain a method to find
ymmetrical section. - o .

irtual work and its application in solving gtructural

1

*dotertaine the shear flow and angle of twist for a closed singlecell

T P
H N P -t

omputed‘ knowing the iéti'e's;a:’f :
distribution on the sheet-stiffener panel. - i

What is a lip? '}:Iov;r does it affect the strength of a section?

‘Explain clearly the distinction between the strength and stiffness problems in-

structures.

Explain how a thin beam subjected to shear resists the load.

What is a semi tension field beam? ,

What do you understand by monocoque and semi monocoque type of aircraft
construction? .

Al
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PART B — (5 x 16 = 80 marks)

A

. el

11 Obtain the shear flow around a three cell box beasn (Fig. 1) when it is éubje

to a torqu =100 kNm The thickness of vertical mqﬁ;};gps_;c_hcﬁ;oﬂga; 3 3
members and semicircle are 1.25, 0.75 and 0.6 cm respectively, . - - o T EC
: ~ Mey ;
F € > .
Fig.1 -~ - e
12. (a} (1) Does the shear center always lies outside for the open section‘?
Explain, ' S

(i) Obtain the shear flow and shear center }opa'ttio_zi-for the channej,
section subjected to a vertical shear load of 5 kN, The height of thé

vertical web is 50 mm and width of flanges is 25 mm. Thickness of
- the flanges and the web is 1.5 mm., : >

Lok

i

Or *

(b) Obtain the éhear .ﬂow distribution for the closed section shown in Fig. 2
Each stringer area is 6.5 ¢m?. '

St~

S

AT TR0 OO

L a




MR |

3 anb? How does it transfer the load?
'q‘.. al iit’. ety ]

sifte the load distribution in all the members of the rib shown

.

o <o

3

WA AR
=

j-...‘.‘.“
N

H F ¢ oW

"t [_.'.

?;kN

- —

Fig. 3
-Or

'_f(b_) A fuseléée' bulkhead of 1 m radius, has 1% stringers equally placed

y around ithe section starting from top peint. Each stringer area is
6.95 ¢m?. The bulk head is subjected to a symmetrical vertical shear load
of 10 kN. PFind the shear flow around the bulk head.

(i) Show that the sum of the moment of inertia about any two
orthogonal axes is invariant with respect to any other two
orthogonal axes. o (6)

(i) Obtain the shear flow distribution and shear center location far the
section shown in- Fig. 4. When it is subjected to a shear load of
5 kN. . ' . an

BomnT T T T —
1 )
! \2 ) ’ | 5 mm
' '
1 .
i ‘Fig. 4
Or

R 3 N 1002
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(b) A beam section shown in Fig. 5 has four strii gers
stringers A, B, C and D are 6.25, 8.125, 4.5 and 6 sq:em, réspectivaly
Find the stresses in all the four stnngers of the sectlon due to M.‘ --5

e 3o cm-—~———a-l :

. ‘ Fig. 5

<

15. (a) (i) Clearly bnng out the difference between shear resmtance beams

¥
and tension field beims. e E O
: | N )
(i) F‘md the cnpplmg 'load for an angle sectlon of aluminium alloy, { _f C
50 mm x 25 mm x 1 tmm, - w TR
N R
Or 5
(b} . Write short noteson: | ' ' o C
(i) Formed and extmdeﬁ section _
— | ¢
(ii} Gerard method of finding crippling stress L »
R e - | Ty c
(i) - Energy theorems ins structural analysis. - o N
R e b g \ C
o
¢
4 N 1002

RITTlor T  §: B e B on e
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B.E./B.Tech. DEGREE EXAMINATION, APRIL/MAY 2005.

Sixth Semester

AE 341 — AIRCRAFT STRUCTURES - II

'Firse : Three hours Maximum : 100 marks

Answer ALL questions.
PART A — (10 x 2 = 20 marks)

Show a typical stress - ~distribution for a openfclosed section undergoing

unsymmetrical bendlng

Define principal axes of a section. \
Define shear flow. How shear stress is obtained from shear flow?

I'ndicate the position of shear center for a channel section and angle section.
List down various structural components in an aircraft wing.

List down various structural components in the fuselage.

Explain how to_rque is realized by an aircraft wing.

Is it convenient to have engine fitted to the aircraft wing from the structural
design point of view? J ustify the answer,

Briefly explain the effective width theory.
What is the difference between tension field beam semi‘tension field beam?

PART B — (5 x 16'= 80 marks)

(1), Derive the expression for the shear flow in thin walled. single cell
- subjected to torque load. . S (Y

| (ii) Obtain the shear flow for the thin walled structure shown in the Fig. 1.

o (12)

) o.u‘ thickhess s fmm

C 100 XA~

Elo e~ 20 tm

L——

Fig. 1

He



(a) Obtain the bending stress values at the points A, B, C and D foi‘"fh !

section shown in Fig. 2, Compute the stresses usmg moment values wzth-‘.

respect to x and y axes and’ pnnmggl axes.

R
127 3y 120 kv e

LKl
Pl T

-Ee

e 10 Cm

- 4 .
~ 1o em --){T T

Flg 2
7 Or ’ o :
(® Compute the load on the Iumped flanges due to bendmg of the sectxon
" shown in F1g 3. Assume the webs do not take part in bendmg Computé”

the loads using moment values thh respect to x and y axes and principal -
axes,

wet ﬂl} sokNem,
V R

o
4 © ] 1200 kN tm
' 50 ¢m C

b-e"“" A

: F1g 3 ’ '
@ {a) Fmd the shear flow distribution and locate the shear center for the

section shown in Fig. 4. Each of the stringers has an area of 4 cm? and
the sectlon is sub_}ected vertical shear of 50 kN.

15 ¢m a
*
Scm
| %
J H
Scm
o
Fig. 4
Or

j’ lscm . | C0 BTRE
oA | 1200 KN - : ‘

Vo PR

NN oNANANOANDN

C
G
C
<
R
c
&
s

n oo




subjected_to vertical shiar of 60 kN applied
ough shear center. Obtain the shear flow for the sectiop. Areas of all
he stringers are’same and ig equal o 7 gy~ ——ecion, '

6 em doLm
tg tm

Fig. 6

Or
by A multice]] structyre sh.own in
000

Fig. 7is subjected to g cl
~. Compute the she

ockwise torque of
ar flow in the cel] st
associated twist, :

fucture apg the

Flbcm —--—>E 19 <moay

tz 3mm
‘everjwh bre

20cm

L

R 162

|
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16.

(a) () Derive the expression for buckling stress for a t}}in plate under -

compression. . (6)

(i) Obtain the critical load for the composite section shown in Fig. 8.
Effective width is 150 em, E = 200 GPa. ‘ 10

T

$em
e 20 €M ) *

Bcm

i

Fig. 8
. Or
(b) Write short notes on any TWO of the following :

( (i) Definition and analysis of - monocoque and semomonocogue
structures. ' RUERRERL et :

- (ii) Idealisation and analysis of aircraft wing structure \/
(iii) Idealisation and analyéis of aircraft fuselage. /

4 R'162
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Sixth Se;mesber n
S - + & gf’ RO
LD Aeronautical En?heering e

o | AE341— AIRCRAFT STRUCTURES —II
hrge hours “E 7 Meximum : 100 marks
Answer ALL quffshons "
. PARTA—Q0 z‘ 2 marks)

¢ and unsynunetnc bendmg thh

B

l D nvean expression for shear flow of an open tube of arbitrary crogs-
y without twist. (12)

(4)

o

< e e s -y g e+ L L

T it P PR PR,
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12. @ Find the bending stress distribution in a thin walled Z-section, whose -
thickness is t, height h, flange width b/2 and subjected to a positive

QQ bending moment Mx.
Or

(b) Find the max. bending stress for the section shown in the fig. 1, subejcted
to a bending moment Mx= 15600 N-m.

A b0 ‘*{““ﬁ%o-——»{;
8"\'"“ v %
5 L
| ) _ 80 v
i U)g ) :
Blde
~¥| 8 |
Fig. 1-

13. (a) Find the shear flow distribu‘iomand shear center. for a thin.walled
channel section of thickness3 mxlp, flange widt , web height 10 em

and subjected to a vertical lo &6 5 kN through {heshear center. . - - A
.o RS
e B T T 2o :
@ Find shear flow of the open section shown in fig. 2 Area of é‘é_f’é _
stringer = 0 cr‘ni. The loads are Sx= 10 kN and Sy = 50 kN‘acting thrbugh

the shear center. ‘ | ' (,\0 SN

- | s [ SRR P :




~ Find the ..hgar«ﬁemand twist per uni t length of the two cell tube made of
alunnmum as shown in the fig. 4 an subjected toa Torw N-cm.

! R |
Y | ~
06 b | B L AL o
—yl e 2,410 ' ’ RN FERTL £ 7T »;&‘Jﬂ&
[XTCU N B T . o '
v, Ay “\ 4 ‘ : e
~ t

G .

Fig.4 : : ’

'Dlﬁ'erentlate between bucklmg a.nd crippling and explam any one.
method to determme cnpphng strength (10




E _am‘ dlﬁ'erence between synunetric and unsymmetric bending with
'iexamples. g :

Show that for a curved web T = 2Aq.
- Explain effective width and give an expression to determine it.
.- Bxplain Buckling in compression for a Plate.

__'Draw shear stress and bending stress variation across the depth for
: -.a) recta.ngular sechon and b) I~aectxon.

0. Fmd Lo and Iy for a thin walled Isectxon with thickness ¢ and flange
w1dt11 =web helght h.

PART B — (5 x 16 = 80 marks)

I

‘-_ve an exp:i'éssion for shear ﬂpw of an’open tube of arbltrary cross-
c n subje ted to shear loads Sxand Sy w1thout twist. (12)
R A“g;"' ‘i‘” ""‘*‘ s -;.,1

'bove e:tpresaxon for a. closed tube )




O

) 12. (a) Find the bending stress distﬁbuﬁop in a thin walled Z-section, %.fliosg
o thickness is t, height h, flange width }/2 and subjected to a pdisiﬁvff..g

bending moment M. {‘_
Or . -«
~..{b)  Find the max. bending stress for the section shown in the fig. 1, subgje C
7 to abending moment M= 1500 N-m,,. . - S
‘ Qrwa| S <
D ' '
80 C
3 .
: C
Eide
4[ 8 [-ed -
Fig. 1
-
13. (a) Find the shear flow distribution and shear center for a thin walled c
channel section. of thickness 3 mm, flange widtlmg‘ht 10em -

and subjected to a vertical load of 5 kN through the shear center., C
‘ Or C
(b} Find shear flow of the open section shown in fig. 2 Area of each <

stringer = 6 cm2. The loads are S« = 10 kN and Sy = 50 kN acting through ‘
the shear center, - <

B R U

9




_ qf_r'the two cell tul‘)el n;ade 'p_f-“ )
subjected to a Torque 75000 N-cm,

; ) ng and crippling and explain any one
+ moethod to determine crippling strength. ‘ (10)

(i) Explain Wagner beam. ©)
Or

(b) . Explain lift load distribution, structural load distribution on a cantilever
<.~ wing and draw the shear force and bending moment diagrams.

3 B 112
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B.E/B.Tech. DEGREE EXAMINATION, MAY/JUNE 2006,

Sixth Semester o

Aeronautical Engineering

AE 341 — AIRCRAFT STRUCTURES - II

" 'Time : Three hours Maximum : 100 marks

I

Angwer ALL questions. 2
PART A — (10 x 2 = 20 marks)

Sketch a semi-monocoque structure and explain its advantages.
e, .

. Specify any one aluminium alloy used in aircraft construction and its
properties, '

Draw shear stress and bending stress variation across the depth for
(a) rectangular section and (b) I-section. ~

Define principal axes and give an expression to determine them.

Define shear center and locate shear center for channel section and equal angle
section. : : ‘

Show that for a curved web shear center distance e=2A/L.
Explgiﬂ effective width and éive an expression to determine it.
Explain safe l_ife and fail safe design with example,

Give expression for buckling stress"(a) column (b) sheet.

- Define load factor and clagsify aireraft based on load factor.

%

pr - .- ST st e e ea



'PARTB-—~(5x16=8(}mark8)

/ ¥\ Fig. 1 shows the section of an anéle"puﬂip. A bending moment of 3000 Nm is
applied to the purlin in a plane at an angle of 30° to the vertical y axis. If the
sence of the bending mioment is such that its components M, and M, both

produce tension in the positive x y quadiant. Caleulate the maximum direct
stress in the purlin stating clearly the point at which it acts,

1o0mm

%-1——-—-[———»-/&1_

| .7, {6omom
& lgﬁ.’ vl
|
125 i q '
7 l '
el FD Q/
T —
F1g 1 -

Or

Find the shear flow .distribution in a thin walled Z—section, whcseK
thickness is ¢, height 4,

flange width h/2 and subjected to g vertical load
through the shear center. A

@ (a) Find the shear flow for the section shown in the Fig 2. The area of

stringers @ =4 =4 cm? ¢ =d =2cm?, '

- a -

O DO O ONOONOONDD0 OO0 GO 06

N oo

N

)

A

O
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- .,n....—..m--——.n—-.-—.-_"hw.,.‘_-.'.__. ......

@ Find the M.S. in buckling for

the box beam shown in v
P, =P, =10kN. Area of each stringer = 2 em? apng the sheet thicknegs i

1.5 mm through out,
made of 2024 -T;. Al

- duminium allgy, For a/b = 2, Ke
a/b=3,Kc=4,KSt 8.

Y —— Xy
o r-1o —f
15 (a) (@)

Differentiate between by

ckf('ng and cripplin
method to determine crippling strength.

(i) Explain Wagner beam, _
'. g ! : Or |
d{_{s; 77" «b)  Explain the various'loads [
& ~of g Passenger aircraft”an i
~ : shear force and bending momeh_t'diagrams.

0R%

&

[

g and explain any o

Fig. 5. Given .
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@ The idealized single cell thin—wallgd tube shown in "Fig, 3 hag a_.-
horizontgl axis of symmetry. Direct stresses are carried by the boomg
B, to By while the walls are effective only in carrying shear
stress. Calculate the distribution of shear flow around the section: -
Given : B;'=By = 2em?, B, =B, = 2.5cm?, By =B;=4cm?, and
B, =B; =1cm?, | | |

e
R
\

5
g
?
-

T

10

-

;
6 B!
e

(a) Find the shear flow and twist per unit length of the two. cell tube made of
y aluminium as shown in the Fig. 4 and subjected to a Torque 90000 N-cm.

i |
s ﬂ.;j“
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15() () Discuss the analysis of a §eftii:cantilever type of . -
aorcraft worig —
PRSPPI

(i)  List out the different structural elements contained in an aircraft
wing. Whatate EggL fFUNCHODST e rmnres R

w

. or

15(b) The tapered beam shown in figure 4(a) is subject to a vertical load V

(). Derive an expression for shear flow at any point in the
web of the beam. ' '

(i)  Obtain the shoar flow distribution when V = 10,000 N

) T 100 ¢ ~—————>] “Tem

20 cm ' . T
1emt

SoctonA-A

I

Figure 4 () ‘

mng\nnaﬂnnhnﬂﬂr\ﬂhﬁ'ﬁ

o
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a

13() The section shown in Figure 3(a) is éubject to forces Fx
- Determine the bending stresses at the stri

13b) ) A thin-walled tube havin

subject to twisting moment Mo. Derive and

obtain the expression
for cell twist. :

(i)  The 2-cell tube indicated
twisting moment of 1000
in the walls of the tube,

in Figure 3(b) is subject to a clockwise
Nem. Determine the shear flows

20 ch

f=2mm .

29 em

20 em

All other wall thickness = | mm

. . Figure 3(b)

- 14(8) Write notes on the following
L (i) __the strength of thin-walled columns,
(i) ™ the Concept of "EFFECTIVE SHEET WIDTH!,
(i) inter-rivet and sheet wrinkiin; g failures
14(). (3—"Derive the bucking e uation f
= (i)’ Explain the interaction relationshi

thin plate
p and state its uses

= 1600 N and Fy = 6000 N.

16

er locations A, B, C, D. Assume that the
webs are ineffective in bending, i
A(tcm?).. ‘7
B (0.5 cm?
12¢
8cm
Figure 3 (q)

.. 1 .
&8 cross-sectional area “A’ and wall thickness *t', is

8

O N



