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Calculation Task 1

The illustrated planar system is in static equilibrium. A frame (mass my) is
vertically movable in A and is mounted rigidly against bending. The frame is
mounted in 11 and IV with a massless ideal truss, consisting of members 1
to 4, connected with hinges. Node I of the truss is loaded vertically by the
external force F. A massless flexible rope is attached to node I. The cable is
routed around two cylindrical rollers. The right-hand roller is supported at its
centre B by a fixed bearing. The left roller is firmly connected to the
surroundings. Between the rope and the rollers there is static friction (static
friction coefficient u,). There is a load (mass m;) attached to the end of the
rope. The rope force acting on node I is W > 0. The acceleration due to
gravity g acts.

Given: a,uy, a,b,c, F, g, mg

a) Calculate the rope force W that acts on node I.

Force balance in vertical direction for the system
frame + truss

XK, =0: mpg+F—-W =20

W=mpg+F
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b) Calculate the member forces 51,52,53 and S4 of members 1 to 4 using
the convention that member forces of members loaded in tension are
positive. For this subtask, take the rope force W as a given.

Node II:
Angle which is enclosed by member 4 with the horizontal: a = atan%

YE, =0: =S5, —S,cos(a) =0
Yy =0: —F—S;sin(a) =0
So that:

F
B sin(a)

S4=

F

Sy = ——o
2 tan(a)

Node I:
Angle which is enclosed by member 3 with the horizontal: g = atang

YE =0:5,+S3cos(8) =0
Yy =0:W—S; —S3sin(a) =0
So that:

Sy
cos(a)

S3 =

S1 =W — S3sin(B)

_ tan(B)
Si=W+ F—tan(a)
S = F

2™ tan(a)
F

53 = _tan(a) cos(B)

F
sin(a)

54:

c) Calculate the minimum mass m, ,,;,, of the load for which the system is in
static equilibrium. For this subtask, take the rope force W as given.
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Euler-Eytelwein
— 5~ w
mL,min g=e€ Ho®

Angle of rope contact:

>
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a b c

A
JA
AN\

The planar massless frame shown consists of beams 1 (length a + b + ¢)
and 2 (length d), which are connected to each other in €, and an arch, which
is connected to beam 1 in D. The arch is described by a quarter circle (radius
r, center H). The frame is supported by a horizontally movable floating
bearing in A and a fixed bearing in D. The frame is loaded by force F; at E
and force F, at G. Beam 1 is loaded between B and C with a line load that
increases from q, to 2q,. The bearing forces acting on the frame in A and D
are calculated in the given coordinate system through the vectors F, =
(0047 and
Fp=(D, 0 D,)T.

Given: a,a,b,c,d,F;,F,,qo, 7

a) Set up three linearly independent equations from which the bearing
reactions A4,, D, and D, can be determined.

5
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Force and moment section:

ZM”:G: Afa+b+e)

ZLUA =0: —aqobla+ %b)
+Fsinad —D_(a+b+e)+ Fylatb+e+r)=0
Z Fflm'i:mlmi =0: Dr + Sin'f.'t'F| =0

Balance of forces and moments:

qob 1
L LSS
+5 (c +3 )+

+ qob (r + %b) —cosalie+sinalyd+ For =0

- %b(a-l— %b] + Fieosala+b)+

b
Z Foertikat =00 A, + qob+ % —cosaly+D. - F=0

D, = —sinaf}

_ 1 Qb (.
: (1+b+c(7((+f

1 1

—cosa ke +sinaltid + For)

b
D, = —A, — qob— % +cosaFy + Fy
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b) Specify the distribution of normal force N;(x;), line load q;(x;), shear
force Q1(x;) and bending moment M;(x;) in beam 1 for the range 0 <
x1 <a+b+c using the Foppl notation. For this subtask, take the

bearing reaction A, as given.

Do not use your results from subtask a) here
Additionally given: A,

Force and moment section:

Balance of forces and moments at beam 2:

Z Eoiita =0 —C. —cosaF, =0 =, = —cosal
Z Frorizontar =0 —C,+sinal) =0 = (', =sinal)
Z MC®=0: —Mg+sinaF,d=0 = M- =sinakFd

Ny(z1) = —Cplz; — (a + bj)ﬂ

a1 (1) =ao(er = @) + (1 =)' = 201 = (a+D))° = Py = (a + b))’

Q1) = = o1 — a)' — x{wy — ) + 20 — (@ +b))'

+ %(451 —(a+b))*— A, + cosaFy(x; — (a+b))°
My(ay) = = Ba1 — a)? = T (o1 —a)* + qoler — (a +b)?

+ %(m —(a+b)® — A,z + cosaF(z; — (a + b))

—sinaFid(z1 — (a + b)}o

5
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c) Calculate the distribution of the normal force N,(¢), the lateral force
Q,(p) and the bending moment M, (¢) in the x,, y,, z, coordinate system
shown along the arc between D and G as a function of the anglep. The

z,-axis is always perpendicular to the center H of thg arc.

Additionally given: ¢

Force section:

S Fa=0: - Naly)
ZFZQZO: _QZ(H‘;)

Alternativ:

> Fa=0: — N

b

S MP=0: —M(p)+r (1 _ cos (

) — sin («

Balance of force and moments:

=0

L}

— COS ( ;,9)
— sin ( p
&

[ 3 o] 3

F3
=0

4=

— ¥

)

R

L

| =

[

L

3

)2 =0

b

> Fa=0: —Qap)—cos(p)Fa=0

%
> MP=0: = M(p)+r(l—sin(p) Fr=0
No(p) = —sin (p) Fy
Q2(p) = — cos () F3
Ms(p) =r (1 —sin (p)) F>
.
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Calculation Task 3

Querschnitt: Balken [

Balken [ >

. ‘y_mei) ______________ _¢t

A structure consists of a beam I (Young's modulus E) and a rigid beam II. The
ends of beam I and beam 11 are connected flexurally rigid at the origin of the given
coordinate system. The other end of beam I is firmly clamped. The cross section of
beam I has the width b and the thickness t, where: t < b. The bar II is in z-
direction loaded by the force F. At distance a from the origin is the point of
application of Force F.

[ Balken IT

Given: a,b,,t,E,F

a) Determine the moments of resistance of beam | against bending Wy, and
torsion Wr .

WB,y = %btz

1
WT,x = Ebtz

b) Determine the shear stress t,, and the normal stress o, at position P(x=-I, y=0,
z=-1/2).

The Shear stress origins due to the torsional moment My , the normal stress due to
the bending moment My at the location 1

10
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Damit folet:
24

Mt 3al
g =
YT, bt
L
2 =l=1
2
14 S
Wz Ot
T = - — -
Tk bt?
_ 3a
Txy = Tz
_ el
Ox = ez

For the following subtask, the shear stress at the point P is to be calculated
with 7,,, = =90, and the normal stress with g, = 120,.

c) Sketch Mohr's stress circle at location P. Mark the principal stresses g; and o,
and the angle ¢*, measured between the x-axis and the direction of the main
stress a;.

14+

-18 —-16 —14 —12 —10 -8 -6

[« ¥

o

—14 +

_16 +

—1R L
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Calculation Task 4

The flat rod system shown on the right is made up of
the homogeneous slender rods 1 to 3. The rods 1 and 3
have a length of [, and rod 2 a length of 21. All rods have
the cross-sectional area 4, the moment of inertia I, the
modulus of elasticity E and the coefficient of thermal
expansion a; . The rods 1 and 3 are supported in A
and C respectively via fixed bearings. Rod 2 is firmly
clamped in B. At D, rods 1 to 3 are articulately jointed to
each other. The figure shows the stress-free initial state
of the system at room temperature T;. Outgoing from
this state, the temperature of all rods of the system is
slowly and evenly increased until the system reaches
the critical temperature at which it fails due to buckling.

Given: LA E,I,a;,Tg

L

B

Stab 2, 21

a) Determine the angle ¢ = ¢, for which all rods reach the critical temperature

_ simultane_ou_sly a_nd buck_le.

T. 2 N L, 3 T
Kraltegelengewiente - £/7 .
9
N
AVES Bl R Wit
jﬁl
N7 —-— 2 9 o) —
v =01 .5 —le Ccos © (—_1: ].) S, 5'3

—_

J H - 1 | 4 Feur 1]
O DT QeI S TA DT IS I TITCUR TA LD

—
-

13 S g W W
EUTINTEICRT AT T

T J4-ord
AT E TR

Sggkm =i— l,-l3)

D1 krit! — P 3krit — —

Im Grenziall versagen die Sfabe gleichzeitig:

St =57 it

Sy = Sy
9= 102 kit

In (4.1):5

o S ET st

1y o - COS

\ -1:!“ Ez ¥1
CO8 .y = (1, 45)

1,432
@1 = acos(=-)

14

5

07.07.202010.07.202010.07.202010.07.2020 11/13

Technische Universitat Mdnchen m



—_—
Name: ... /—

/“ Lehrstuhl far Application number: ............................. /O
Hubschraubertechnologie Fakultét fir Luftfahrt. Raumfahrt und Geodésie \./ )

| IS

b) In this part the angle ¢ = ¢, is chosen in a way that rod 2 buckles before the
rods 1 and 3 due to the increase in temperature. Determine the critical temperature
Trir at which rod 2 buckles. Consider the angle ¢, as given.

General formulation for the change of length of the rods

.. Change in length of the rods SN SO o

=)o
"y

2N

~
(]
|

D

2% g AT e (4.3)
E/l H § 1 H H H H H H H H H H H

- Geometric tolerability e

............. T -
COR Py = AL (4:4)

~ Insert equation (4.2) and (4.3) in (4.4):

o
5|
=
’~f
B
is]

............. 259 ¥ 2E Ao Al

3|
N
fRH
T
N
fe
S
ies
S
N

ol /9\
Aly

o
) -

ST
" 2
QJ0A T (3t ®) \ f ol 8
2 AP AT 7 COS @i (12 COS Py ) (1 43)2 151
FAEos gy T S T R R
11.-42) T {1 LA 2 \
- (40 )Tl (L4 COS™ Oy )
A]kri — 1 T
S Ay COS Palil + 2C08 o)L~

R U OO O O O O 5
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1+4 cos? @,

L 2.2
Terie = Tg + 1.43%m ISAaTcos<p2(1+2 cos ;)12

Calculation Task 5

Given is the illustrated point-
symmetrical cross-sectional
area of a beam. The given
coordinate system is located in =
the center of gravity of the -
cross-section. In  the initial
configuration shown, the b C
relations between the a S
dimensions are given as a =
4d, b=3d and c=2d. The
moments of inertia I, and I, as
well as the surface moment of
deviation I,, of the cross-
sectional surface are examined.

(1

Ld

Hd

d |

a

Given: d

a) Indicate whether the specified values in the initial configuration are positive (+) or
equal to zero (0) or negative (-)

| |+ [ o | - |
1, X 0 0
I. X 0 0
1, X 0 0

b) In this part the lengths a, b and c are increased in comparison to the initial
configuration by an additional length d. Indicate whether the specified values
increase (+), decrease (-) or remain unchanged (=) in comparison to the initial
configuration.

| [ = [ ] =
I, X O O f g ’
I X O O Y = =
7, 0 0 5 | B

5
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